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THE WHEATS OF BIHAR AND ORISSA. 


BY 
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AND 

ABDUR RAHMAH KHAN, 

Second Assistant to the Imperial Economic Boiamst. 

fEoooived for publication on June 12, 1922.] 

I. INTRODUCTION. 

Since the publication of the botanical classification^ of the wheats of 
Bengal, a new Indian Province, Bihar and Orissa, has been created. In this 
administrative area are to be found practically the whole of the wheat growing 
tracts of old Bengal. The wheats of Bengal have become to a large extent 
the wheats of Bihar and Orissa. 

The preliminary classification, published in 1909, was only carried as far 
as the botanical variety. Since that time, the various agricultural types 
(unit species) which make up these varieties have been grown for some, years 
in pure culture at Pusa and have been studied in considerable detail. The 
present paper deals with 122 of these agricultural types of common wheat 
{Tritimm vvdgareYiSi,) belonging to twelve botanical varieties, three of which 
do not appear to have been described. 


* WJmt in IndiOfldOd, p. 196, 
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The material from wMch these 122 agricuitra’al types were obtained was 
collected at harvest time mainly from cultivators’ fields in the most important 
wheat grov^ing tracts of Bihar, north and south of the Ganges. The ripe ears 
were first classified according to the botanical variety and were ihen sown 
separately, side by aide, for several years. As soon as sufficient seed was 
obtained for sowing small plots (about 10 feet wide and 30 feet long) , it 
was noticed that the finer characters (such as the time of coming into ear, 
the cliaracters of the ears and leaves at the time of flowering, the power of 
tillering, the vegetative vigour at the time of pollination, the resistance to rust 
and the length and strength of straw) became much more definite and distinct 
than when the cultures were grown in single lines next to next. What may be 
termed the massed habit came into operation the moment the cultures were 
grown in oblong plots. In the early morning, when the plants are fully turgid 
and when the foliage and ears are illuminated by the slanting rays of the sun, 
differences which camiot be detected a few hours later stand out clearly. 
Equally definite is the behaviour of the cultures towards the three rusts^ winch 
occur at Pnsa. In the same botanical variety, agricultural types occurred which 
diflered more in their degree of susceptibility to rust than in any other character. 
In several instances, two types—almost identical in field characters — exhibited 
great difierences in resistance to brown rust {Piiecinia triticina Ericks.). 

By taking advantage of the time of ripening, of the vegetative characters 
at the time of flowering and of the degree of resistance to the various rusts, 
it is not difficult to classify the unit species within the botanical variety even 
when the number of these types is very great. While the finer differences, 
such as the tone of colour of the leaves and of the ears at the time of pollination, 
are inherited exactly like the more important botanical characters (tihe presence 
absence of awns, colour of the chafl and grain), nevertheless the degree of 
expression depends on the way the crop is grown and also on the season. 
If no particular care is taken in raising the cultures and if the season is adverse, 
the fine vegetative diflerences do not stand out sharply and types really different 
the field can then only be distinguished by the degree of their resistance to 
or black rust. 

systematic botany deals with nothing below the variety and 
recognize the differences between the unit species which make up these 
varieties. While such a point of view is obviously essential in dealing with 
herbarium specimens and with the large groups of plants belonging to genera 


apeoiea of rust which attack wheat at Pusa, in the order of their appearance# 
Eriks.), yellow rust (P. glnmarum Eriks. & Henn.), and 
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and orders, it doesnot go far enough for the plant breeder who has to study 
the elementary^ specie themselves in the field from sowing time to harvest 
and to ascertam their potentialities as parents or as the starting point in 
schemes of seed distribution. By employing the methods of the systematist, 
however, it is possible to classify and to distinguish clearly the unit species 
which make up the variety. Such an exercise is an essential pieliminaiy in 
the study of cultivated crops, in the methods of selection and also in the creation 
of new forms by hybridization. It is mainly to emphasize the importance 
of systematic botany in the training of the plant breeders of the future that we 
have recorded this classification of the unit species which compose the varieties 
of the common wheats met with in Bihar. Such a collection of unit species 
serves a double purpose. In the first place,' they are of the greatest use in 
bringing home to the student the great complexity of the Litmean species and 
the vast amount of preliminary work which is essential in every crop before 
research proper can be undertaken with any hope of success. In the second 
place, they form the raw material for the plant breeder and the mycologist 
and so their xn-oper maintenance becomes an important part of the work of 
research institutes which deal with crops. 

As the intensive study of cultivated plants develops all over the world, an 
increasing amount of accurate information on the composition of the botanical 
variety will become available. The work already published indicates that the 
number of different unit species in existence in each botanical variety is certain 
to be very great and may, in some cases, run into hundreds.^ It is important from 
the point of view of the future of plant breeding that these unit species should 
be maintained and that the material should be readily available to workers 
in all countries. It is only in this way that the vast possibilities in the improve- 
ment of cultivated crops can be realized. Perhaps the easiest method of 
maintaining these collections will be for the Central Research institutes, 
maintained by Government in the various countries, to undertake the work 
and for each to concentrate on a lew important corps. In this way a 
beginning could be made in the ultimate classification of cultivated plants 
with the resources now available. If, as is likely, the free interchange of unit 
species proves to be of importance in the rapid production of improved 
seed for general distribution, the extension of this work will then be only a 
question of time and of mutual arrangement among the workers themselves.^ 

^ TJiat many of the varieties of common wheat, Triticum vulgare Vill., comprise a very 
large number of unit species is indicated.by the work of Vavilov and his colleagues in Russia 
The details of this work are in the press but the general results are summed up in a paper on 
the law of homoiospjua seriea ini variation in the Jour, of Oet^tica, XII, 1922, p. 47. 
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IL CLASSIFICATION OF THE WHEATS OF BIHAR AND OEISSA. 

Tine wheats of BiLai! are characterized by weak straw, poor vegetative 
growth and early maturity. Almost all are bearded with smooth chaii' and 
short, rounded grains. Three of the varieties possess blackish ohah on a red 
or wHte ground with black awns. In the size and shape of the grain and in the 
frequent occuiredee of Hack awns, these wheats are sharply distinguished from 
the types met with in the United Provinces and the Punjab. Among Indian 
wheats they most closely resemble the forms often found in the Plimalayas 
and on the Western Frontier. Some of the types are very resistant to brown, 
yellow and black rusts, particularly those belonging to the new variety nigricans. 
High grain quality, comparable with that of Manitoba wheats, also occurs 
among these types as is shown by the results of the milling and baking tests' 
carried out in 1909 by Mr, A. 1. Humphries. Solar as we have investigated 
the matter, some of these wheats appear to possess greater strength than any 
of the other indigenous types we have examined. It is easy to understand 
that in a damp climate such as that of Biliai which favours rust epidemics, 
natural selection would operate in eliminating types susceptible to disease 
and in preserving the more resistant forms. The occurrence of stronger 
wheats in this tract than in the rest of the plains is, however, not so easily 
explained. None of the types are likely to prove of use for distribution to the 
cnltivatois on account of their weak vegetative characters and their inability 
successfully to respond to intensive cultivation. They may, however, prove 
to be of the very greatest use in plant breeding in providing early maturing 
parents with great resistance to rust combined with short straw and grain 
qualities above the average. It is possible that one of these unit species has 
already been made use of in the production of an improved wheat. Marqu’s^, 
the celebrated Canadian variety, which covers millions of acres in North 
America, was obtained by crossing Red Fife with one of the wheats found in 
Hard Red Calcutta. This is the most successful wheat variety hitherto 
evolved by the plant breeder. 

In the classification of the varieties we have followed the system devised 
by Koernicke with the addition of three new varieties with blackish chaff 
and black awns not included in Die Arten und Varieiaten des Oetreides or in the 
subsequent literature on tHs subject. As far as our investigations have 
gone, these new varieties are only met with in Bihar and Orissa, 

In distinguisliing the unit species which constitute the varieties, we have 
made full use of all the vegetative characters at the time of pollination. The 
^ Bulletin 17, Agri, Jtesearch Institute, Pma, 1910, p. 9. 

BuUor, A. H, E, Bssaya on wheat, Now York, 1919, 
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fdme ol coming into ear enables tie types to be divided into classes such as very 
early, early, jutermediate, late and very late. Thelengtlof tie straw when 
pollination is completed serves to diatmgniah short, intermediate and tall 
forms. The tone of colour of the eats and of the foliage together with the 
pteseuoe or absence of bloom are most useful characters at the time of flowering 
as well as the length and breadth of the leaves and the manner in wHoh they are 
disposed (vertical or drooping). Shorn the time of flowering to liarvest, the 
types often difiet markedly in the amount of leaf rust. The numbers for stem 
rust as well as the standing power of the types can best be distinguished at 
harvest tune. The period when it is easiest to distinguish the unit species is 
however, during the time when the flowers are fertilized at the end of the 
vegetative period. 

In order to record from year to year (he degree of susceptibUity of the 
various unit species to the three common rusts, we have employed Eriksson’s 
notation .in which the increasing amount of infection is represented by the 
numbers 1, 2, 3 and 4. When traces only of rust could be found with difficulty, 
this IS mdioated by the words slight or very slight. The entire absence of any 
rust is indicated by the' symbol zero.” 

^ The records of rust-resistance vary to some extent from year to year. 
This is inevitable on aocoimt of the natural incidence of the many factors 
on which an epidemic depends. Besides the inherent resistance of the imit 
species themselves and the well known influence of such factors as hmnidity 
and temperature on the spread of -the fungus, the various external factors 
also affect the resistance of the host. A time comes when conditions are 
optimum for the rust and when the resistance of the host is near its lowest point. 
Maximum rust numbers are then obtained. If the season favours the host, 
lower ^ numbers are likely to be the rule. There is, however, a fuither 
complication, namely, the period in the life-history of the host when the rust 
attack takes place. When this occurs before the ripening process begins, the 
rust has time to accomplish the maximum amount of damage. If the attack 
takes place very late in the season when ripening is nearly completed, the crop ’ 
may be only sHghtly affected. As a collection of unit species contains very 
early, early, late and very late tyjDes, it is easy to see that in certain years 
some of the groups are favoured wHle others are severely handicapped. As 
a rule, the early types tend to escape while the late ones are the most 
seriously affected. These considerations explain why the numbers for any 
particular rust vary from year to year and why it is necessary to keep under 
close observation for some years any types which appear to be more resistant 
than the average. It is only when a particular unit species escapes rust 


.WHEATS OF BIHAB AND ORISSA 


almost entirely for a series of years that we can say with any confidence that it 
ifi really rust resistant. As an example of the kind of influence which the 
season exerts on the degree of infection, the black rust numbers obtained at 
Pusa in two seasons in the case of two groups of unit species (one rust resistant, 
the other susceptible) may be quoted. 


Table I. 

Seasoned mf iaAion in resistance to hlach mst. 
(a) var. nigricans (resistant). 


Type 

num~ 

btr 

81 

82 

S3 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

96 

96 

97 

98 

99 

100 

1916 

1 

1 

1 

1 

1 

1 

v.s. 

1 

V. s.. 

1 

1 

1 

1 

v.s. 

v.s.' 

1 j 

1 

2 

v.s. 

1 

1 

1921 

8. 

1 


1 

1 

1 

B. 

1 

v.s. 

1 

1 ^ 

8. 

1 

1 

1 

1 

B. 

I 

1 

8. 

J 


T.8. = very slight. s. — slight. 0 » black rust absent. 



(6) var. grcecum Kcke. (susceptible). 


Type 

number 

13 

14 

15 

16 j 17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

1916 

3 

2 

2 


3 

2 

4 

2 

3 

3 

3 

3 

3 

1 

2 

3 

1921 

2 

1 

1 

1 1 2 

1 

2 


1 

2 

1 

2 

2 

2 

2 

2 

3 


Triticdm vulgare Yill. Common Wheats. 

Ears bearded or beardless ; outer glimies not keeled to the base ; straw 
hollow ; grain neither very long nor round. 

1. Ears beardless (short tips). 

1. Glumes smooth. 

A. Glumes white. 

(а) Grain white. 

var. dbidum Al. 

Types l-d. 

(б) Grain red. 

var. Iviescens Al, 

Type 5. 
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B. Glumes red. 

(а) Grain wMte. 

var. (zlhor’ubrum Koke. 

Types 6-9. 

(б) Grain red. 

vax. miUurum Al, 

!fypes 10-12. 
ir. Ears bearded. 

1. Glumes smooth. 

A. Glumes white. 

(a) Grain white. 

var. grcBcwni Kcke. 

Types ia-29. 

(b) Grain red. 

var. erythrospermim Kcke. 

Types 30-57. 

B. Glumes red. 

(a) Grain white. 

var. erythroleucon Kcke. 

Types 58-71. 

{b) Grain red. 

var. jmugineum Al. 

Types 72-80. 

C. Glumes black on a white ground, awns black, 
(o) Grain red. 

var. n^vicana. 

Types 81-100. 

D. Glumes black on a red ground, awns black. 

(а) Grain white. 

var. indioum. 

Types 101-109. 

(б) Grain red. 

var. hengalensis. 

Types 110-121. 

2. Glumes felted. 

A. Glumes white. 

(a) Grain white. 

var. meridonah Kcke. 

Type 122. 
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In the above scheme, the distiiietion between boaidod and Ix.^ardless 
wheats is the one in common nse. In reality, however, ime. beardb^ss wla’a-ts 
possess no a.wns of any land while there arc at least two (lihereut kinds t»J tips 
whit:h arc commonly grouped among the beardless iowus. T]ies(; W('. iia.ve. 
descdbed in a previous paper^ as short tips and Imp Ups. Whe,u thi'se are 
crossed, bearded, intermediates and true b(?ardl(\ss aiv. ])ro(!n<-ed in ihc 
9 : 3 : 3 ; 1 ratio. Strictly speaking, the so-called beardless wlu'ats will Jiavti 
to be broken up into at least three classes and the ordinary schemes of 
classification will have to be revised. The beardless wheats of Bihar all appear to 
possess fihort tips. Complete proof of this point can, however, only be obtained 
by employing these unit species as parents. 

Description of Unit Species. 
var. albidmn Al. 

Ears boarcUess (short tips), glumes smooth white, gj’ain wiiite. 

This variety is represented by four agricultural types all: of which, jirc 
susceptible to rust and are characterized by weak straw. TIic critical oliscu'va- 
tions on the field characters and on the incidence of rust were made in 1916. 

1. Early. 

No. 1. Intermediate in height ; ears very light gre(in ; leaves somewhat 
drooping, light green. Brown riiEt 3, yellow rust 4, black rust 
3. Straw very weak. 

2. Late. 

No. 2. Short ; ears dark green with much bloom ; leaves erect, dark 
green. Brown rust 3, yellow rust 3, black rust 3. Straw wca,k. 

No. 3. Short ; ears dark green with, much bloom ; loaves erect, dark 
green. Brown rust 3, yellow rust 2, black rust 1. Straw very wealc. 

No. 4. Short, tillers well ; ears dark green with, nuicli bloom ; leaves 
erect, dark green. Brown rust 2, yellow rust 1, bla(*k rust 1. Straw 
weak. 

var. luiesGens Al. 

Ears beardless (short tips), glumes smooth white, grain red. 

Tills variety as rejjresented by a single agricultural type which is charac- 
terized by susceptibility to rust and by rather weak straw. 

No. 5. Somewhat early, short; ears dark green with a bluish tinge 
and much bloom ; leaves erect, somewhat dark green. Brown 
rust 3, yellow rust 3, black rust 2. Straw mther weak. 

hUefti. of the Dept, of .igri.^ in India (Botanical Series), VoU V,II, 1915, p. 273, 
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var. Q^6ora6ro?n Kcke. 

® beardless (short tips), glumes smooth red, grain white. 

• . by lour agrionltural types whidi fall into three 

, . groups according to the time of maturity. With one exception (No. 6) all are 

Characterised by susceptibility to rust and by very weak straw. One of the 
original pure line cultures was rejected on account of uneven growth foUowino 
natural cross-fertilization. The observations on which the classification is 
drawn up were made in 1915. j 

1. ^Early. 

No. 6. ^ Tall, vigorous ; ears very Kght bright green ; leaves drooping, 
light green. Brown rust 2, yeUow rust 1, black rust 1. Straw 
very weak. 

No. 7. TaU, vigorous ; ears light green with much bloom ; leaves 
drooping, light green. Brown rust 2, yellow rust 2, black rust 

2. Straw very weak. 

2. Intermediate in time of maturity. 

No. 8. Tall; ears somewhat light green with much bloom; leaves 
slightly drooping, somewhat light green. Brown rust 3, yellow 
1 » 2, black rust 1. Straw very weak. 

3. Late. 

No. 9. Intermediate in height ; ears dark green with moderate bloom ; 
leaves broad, erect, dark green. Brown rust 3, yellow rust 3,' 

- ^ ‘ black rust 2. Straw very weak. 


var. miitumm Al. 

Bars beardless (short tips), glumes smooth red, grain red. 

Tks variety is represented by three agricultural types which differ con- 
siderably in time of maturity. They are all characterized by susceptibility 
to rust attack and weak straw. 

1. Early. 

No. 10. Tall, vigorous ; ears light green with much bloom ; leaves 
erect, dark green. Brown rust 3, yeUow rust 3, black rust 3. 
Straw very weak. 

2. Intermediate in time of maturity. 

No. 11 Intermediate in height; ears dark green with moderate bloom; 

leaves erect, dark green. yd rust 2, black 


rust 3. Straw very 
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No. 12. Intermediate in Jieight; ears dark green with moderate 
bloom; leaves erect, dark bluish green. Browm rust 3, yellow 
rust 2 , black rust 3. Straw weak 

var. grmmm Kcke, 

Ears bearded, glumes smooth white, gi‘ain white. 

This variety is represented by seventeen agricultural types which fall 
into three groups according to the time of maturity. The observations on 

which the classification is based were made in 1916. 

1. Early. 

No. 13. Very early, short weak ; ears dull green ; leaves narrow^ and 
very drooping, somewhat light bluish green witli much bloom. 
Brown rust 2, yellow rust 4, black rust 3., Straw very weak. 

No. 14. Intermediate in heigl.it, vigorous ; ears dull green ; leaves 
erect, broad, medium gj'eeii with moderate bloom. Brown 
rust 4, yellow rust 3, black rust 2. Straw very weak. 

No. 16. Intermediate in height, weak ; ears dull green ; leaves erect, 
broad, somewhat light green with moderate bloom. Browui 
rust 3, yellow rust 3, black rust 2. Straw very weak. 

Nos. 14 and 16 are nearly alike in the field but are not identical. No 
14 is more vigorous and has darker foliage than No. 16 and is 
more susceptible to brown rust. 

No. 10. Intermediate in height, vigorous ; ears light green; leaves 
slightly drooping, light green with much bloom. Brown rust 3, 
yellow rust 2, black rust 3. Straw' very W'eak. 

2. Intermediate in maturity. 

No. 17. Intermediate in height, weak ; ears light green ; leaves 
slightly drooping, dark green with much bloom. Brown rust 
3, yellow rust 4, black rust 3. Straw very W'eak. 

No. 18. Intermediate in height ; ears light green ; leaves erect, light 
green, with slight bloom. Browm rust 2, yellow' ’ rust 2, black 
rust 3. Straw weak. 

No. 19. Tall, vigorous ; ears light green ; leaves' slightly drooping, 
light green with very little bloom,' Browm rust 1, yellow rust 1, 
black rust 2. Straw weak. 

No. 20. Tall, vigorous ; ears light green ; leaves broad, slightly 
drooping, dark green with moderate bloom. Brown mst 1, 
yellow lust 1, black rust 4. Straw weak. • 
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No. 2L Very tall ; ears somewhat dark green ; leaves erect, dark 
green with much bloom. Brown rust 3, yellow rust 1, black 
rust 2. Straw fairly strong. This culture, as regards the colour 
of the green ears, forms a connecting link with the next four 
types {Nos. 22, 23, 24 and 25). 

No. 22. Tall, weak ; ears dark green ; leaves drooping, somewhat 
dark green with much bloom. Brown rust 4, yellow rust 3, 
black rust 3. Stravr very weak. 

■ No. 23. Tall, weak i ears dark green ; - leaves drooping, light green 
with much bloom. Brown rust 3, yellow rust 3, black rust 3. 
Straw very weak. 

No. 24. Tall, vigorous ; ears dark green ; leaves slightly drooping, 
somewhat light green with much bloom. Brown rust 2, yellow 
rust 3, black rust 3. Straw very weak. 

No. 25. Tall, vigorous ; ears dark green ; leaves drooping, dark green 
with much bloom. Brown rust 4, yellow rust 4, black rust 3. 
Straw very weak^ 

3. Late (the four cultures ripen in the following order— 29, 26, 28, 27). 

No. 26. Tall, very late ; ears somewhat dark green ; leaves erect, 
somewhat dark green with much bloom. Brown rust 2, yellow 
rust 3, black rust 3. Straw weak.. 

No. 27. Tall ; ears light green, leaves somewhat light green with 
slight bloom. Brown irust 1, yellow rust 1, black rust 1. . Straw 
fairly strong. 

No. 28. Tall; ears very light green; leaves erect, somewhat light 
green with very slight bloom. Brown rust 2, yeUow rust 1, 
black rust 2. Straw somewhat weak. 

No. 29. Tall ; ears hght green ; leaves erect (more so than 28), dark 
green with very slight bloom. Brown rust 2, yellow rust 1. 
black rust 3. Straw fairly strong. 

Nos. 28 and 29 are nearly alike and differ only in the colour of the ears, 
in the colour and set of the leaves, in resistance to black rust 
and in time of maturity. 

var. erythros^ermiim Kcke. 

Ears bearded, glumes smooth white, grain red. 

This variety comprises twenty-eight agricultural types which fall into four 
classes according to time of maturity. The observations on which this classifi- 
cation is based were made in 1916. 
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1. Yerj eartj. 

No. 30. Intermediate in Iieiglit, strong ; ears very light bright green ; 
leaves drooping, light green. Brown rust 1, Hack rust % 
Straw weak. 

No. 31. Short; ears dull light green ; leaves erect, dark green. 
Brown rust 4, black rust 4. Straw weak. 

No. 32. Short, rather weak; ears dull dark green; leaves erect, 
dark green. Brown rust 3, black rust 4. Straw weak. 

No. 33, Short, weak ; ears dark green ; leaves erect, dark green. 
Brown rust 4, black rust 4. Straw weak. 

Nos. 32 and 33 closely resemble each other in the field but are not 
identical. No. 32 is slightly taller and more resistant to brown 
rust than No. 33 and also has lighter ears than No, 33 

2. Early. 

No. 34. Tall ; ears somewhat dull light green ; leaves erecst, light 
green. Brown rust 1, black rust 2. Steiw weak. 

No. 35. Tall ; ears somewhat dull light green ; leaves erect, broad, 
somewhat light green. Brown rust 1, black rust 2. Straw 
weak. 

No. 36. Intermediate in height, vigorous ; ears light bright green ; 
leaves erect, very dark gi-een. Brown rust 1, black rust 2 , 
Straw fairly strong. 

No. 37. TaU; ears light green (lighter than No. 38) ripening to a 
bright tone ; leaves erect, broad, dark green. Brown rust 1, 
black rust 2. Straw weak. 

No. 38. Tall ; ears light green (darker than No, 37) ripening to a 
dull tone; leaves erect, broad, dark green. Brown rust 0, 
black rust 2. Straw somewhat weak. 

Nos. 37 and 38 closely resemble each other and only <iifier in the tone 
of colour of the ripe ears, in the strength of straw and in 
resistance to brown rust. Nos, 34, 35, 36, 37 and 38 are all tall 
and form a natural subdivision of the early types. 

No. 39. Intermediate in height, weak ; ears dull dark green ; leaves 
erect, hght green. Brown rust 1, black rust 3. Straw weak. 

No. 40.^ Tall, weak ; ears dull dark green ; leaves erect, somewhat 
light green. Brown rust 1, black rust 3. Straw weak. 

No. 41. Tall, weak; ears light green, ripening to a dull tone; leaves 
erect, very light green (lighter than No. 39). Bixiwn rust 1 
black rust 3. Straw weak, ‘ ’ 
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No. 42 Short, weak; ears dull dark green ; leaves cspot. dark green 

Brown rust 2, black rust 3. Straw weak. 

No. 43. Short, we.ak; ear,s duU dark green; leaves somewh.at light 
green. Brown rust 3, black rust 4. Straw weak. 

- o. 44. Short; ears somewhat light green, ripening to a dull to.ne ; 
leaves erect, somewhat light green. Brown rust 1, black rust 3.’ 
Straw weak. 

No. 46 fctermediate in height, weak ; ears dark green, ripening to a 
dull tone ; leaves erect, dark green. Brown rust 1, black mat 
4. Straw w-eak. 

3. Late. 

No. 4G. Intermediate in height, strong; ears dark green, ripening 
to a somewhat bright tone ; leaves erect, broad, dark green 
Brown rust 1, black rust 2. Straw fairly strong. 

No. 47. Intermediate in height, strong ; ears somewhat light bright 
green ; leaves erect, dark green. Brown rust 0, black rust 
slight. Straw strong. 

No. 48. Intermediate in height ; ears dark green ripening to a duh 
tone ; leaves erect, somewhat light green. Brown rust 2, black 
rust 4. Straw very weak. 

No. 49. Intermediate in height ; eats dark bluish green ripening 
to a dull tone ; leaves erect, dark bluish green. Brown rust 0, 
black rust 2. Straw fairly strong. 

No, 50. Intermediate in height, somewhat weak; ears dull dark 
green ; leaves erect, somewhat light green. Brown rust 1, black 
rust 3. Straw very weak. 

No. 61.^ Intermediate in height, somewhat weak; ears somewhat 
Hght green ; leaves erect, dark green. Brown rust 1, black rust 
2. Straw strong. 

No. S2. Intermediate in height, weak; ears dull dark green ; leaves 
erect, somewhat dark green. Brown rust 0, black rust 2 . Straw 
- strong. 

4. Very late. 

No. 63. Short ; ears somewhat light bright green ; leaves erect, very 
dark green. Brorvn rust 1, black rust 2. Straw somewhat 
weak. 

No. 64. Intermediate in height; ears dark green; leaves erect, 
dark bluish green. Brown rust 2, yellow rust 1, black rust i. 
Straw weak. 
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1. Very e,rarfy. 

No. 30. Litermediate in height, strong ; ears v(3ry light, hrigld; green ; 
leaves drooping, light green. Brown rust I, hinok rust 2. 
Straw weak. 

No. 31, Short ; ears dull light green ; leaves erect, dark green. 
Brown rust 4, black rust 4. Straw weak. 

No. 32. Short, rather weak ; ears dull dark green ; leaves eKio.t, 
dark green. Brown rust 3, black rust 4. Straw weak. 

No. 33. Short, weak; ears dark green ; leaves erect, dark green. 
Brown rust 4, black rust 4. Straw weak. 

Nos. 32 and 33 closely resemble each other in the field but are not 
identical. No. 32 is slightly taller and more resistant to brown 
rust than No. 33 and also has lightiw (>ars than No. 33. 

2. Early. 

No. 34. Tall; ears somewhat dull liglit green; buives erecd., liglit 
green. Brown rust 1, black rust 2. Straw wonlc. 

No. 36. Tall ; ears somewhat dull light green ; leaves er(H3t, broad, 
somewhat light green. Brown rust 1, Uiu-k rust 2. Straw 
weak. 

No. 36. Intermediate in height, vigorous ; (^ars light briglit green ; 
leaves erect, very dark green. Brown rust 1, bhusk rust 2. 
Straw fairly strong. 

No. 37. Tall; ears light green (lighter than No. 38) ripemng to a 
bright tone ; leaves erect, broad, dark green. Brown rust 1, 
black rust 2. Straw weak. 

No. 38. Tall ; ears light green (darker than No. 37) ripening to a 
dull tone ; leaves erect, broad, dark green. Brown rust 0, 
black rust 2. Straw somewhat weak. 

Nos. 37 and 38 closely resemble each other and only difi'er in the tone 
of colour of the ripe ears, in the strength of straw and in 
resistance to brown rust. Nos. 34, 36, 36, 37 and 38 are all tall 
and form a natural subdivision of the early types. 

No. 39. Intermediate in height, weak ; ears dull dark green ; leaves 
erect, light green. Brown rust 1, black rust 3. Straw weak. 

No. 40. Tall, weak ; ears dull dark green ; leaves erect, somewdiat 
light green. Brown rust 1, black rust 3. Straw weak. 

No. 41. Tall, weak ; ears light green, ripemng to a dull tone ,* leaves 
erect, very light green (lighter than No, 39). Brown rust 1, 
mat 3. Sf,ra.w wp.fl.lr. 
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No. 42. Short, weak ; ears doll dark green ; leaves c:g3ct, dark green. 
Brown rust 2, black rust 3. Straw weak. 

No. 43. Short, weak ; ears dull dark green ; leaves somewhat light 
green. Brown rust 3, black rust 4. Straw weak. 

No. 44. Short ; ears somewhat light green, ripening to a dull tone ; 
leaves erect, somewhat light green. Brown rust 1, black rust 3. 
Straw weak. - 

No. 45. Intermediate in height, -weak ; ears dark green, ripening to a 
dull tone ; leaves erect, dark green. Brown rust 1, black rust 
4. Straw weak. 

3. Late. ■ 

No. 46. Intermediate in height, strong ; ears dark green, ripening 
to a somewhat bright tone ; leaves erect, broad, dark green. 
Brown rust 1, black rust 2. Straw fairly strong. 

No, 47. Intermediate in height, strong ; cars somewhat light bright 
green ; leaves erect, dark green. Brown rust 0, black rust 
slight. Straw strong. 

No. 48. Intermediate in height ; ears dark green ripening to a dull 
tone ; leaves erect, somewhat light green. Brown rust 2, black 
rust 4. Straw very weak. 

No. 49. Intermediate in height ; ears dark bluish green ripening 
to a dull tone ; leaves erect, dark bluish green. Brown rust 0, 
black rust 2. Straw fairly strong. 

No. 50, Intermediate in height, somewhat weak ; ears dull dark 
green ; leaves erect, somewhat light green. Brown rust 1, black 
rust 3. Straw very weak. 

No. 61. Intermediate in height, somewhat weak ; ears somewhat 
light green ; leaves erect, dark green. Brown rust 1, black rust 
2. Straw strong. ‘ 

No. 62. Intermediate in height, weak ; ears dull dark green ; leaves 
erect, somewhat dark green. Brown rust 0, black rust 2. Straw 
- strong. 

4. Very late. 

No. 63. Short ; ears somewhat light bright green ; leaves erect, very 
dark green. Brown rust 1, black rust 2. Straw somewhat 
weak. 

No. 54. Intermediate in height ; ears dark green ; leaves erect, 
dark bluish green. Brown rust 2, yellow rust 1, black rust 4. 
Straw weak. 
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No. 55. Jntermecliate in lieigiit, tillers well ; ears liglit bright green ; 
leaves erect, very darh green. Brown rust 0, black rnst 2. 
Straw strong. 

No. 56. Intermediate in height, very weak; ears dnll dark green; 
leaves erect, somewhat light bluish green. Brown rust black 
rust 3. Straw weak. 

No, 57. Tall, strong ; ears rather dark green ripening to a dull tone ; 
leaves erect, very dark green. Brown rnst 0, black rust slight. 
Straw strong. 

var. erythroleumn Kcke. 

Ears bearded, glumes smooth ;ied, grain white. 

This variety comprises fourteen agricultural types which fall into three 
groups according to maturity. One culture was rejected on account of want of 
uniformity arising from natuTal croas-fertiUzation. The field observations on 
which the classification is based were made in 1916. 

1. Early. 

No. 58. Intermediate in height, weak ; ears dark bright green ; 
leaves broad, drooping, dark green with moderate bloom. Brown 
rust 3, yellow rust 3, black rust 2. Straw very weak. 

No. 59. Tall, vigorous ; ears bright dark green ; leaves erect, dark 
green (darker than No. 60) with moderate bloom. Brown 
rust 3, yellow rust 3, black rust 1. Straw fairly strong. 

No. 60. Tall, w’eak ; ears light dark green ; leaves slightly drooping, 

. broad, dark green with much bloom. Brown rust 3, yellow rust 
1, black rust 1. Straw weak. 

2. Intermediate in maturity. 

No. 61. Tall ; ears light green ; leaves erect, dark green with much 
bloom. Brown rust 2, yellow rust 1, black rust 1. Straw 
fairly strong. 

No. 62. Tall ; ears light green ; leaves erect, dark bluish green with 
much bloom. Brown rust 3, yellow rust 1, Hack rust 2. Straw 
fairly strong. 

No. 63, Tall, vigorous; ears very light green; leaves erect, broad, 
light green with moderate bloom. Brown rust 2, yellow rust 1, 
black rust 2. Straw fairly strong. 

No. 64. Intermediate in height ; ears dark green ; leaves erect, darli 
. _ green with much bloom. Brown rust 2, yellow nist 1, black 

rust 1. Straw weak. 



No. 6 d. Tall (taller than No. 64), xveak: cars dark green; leaves 
erect, dark green (lighter than Nos. 64 and 66) with much bloom. 

Brown rust 2, yeUow rust 1, black rust 1. Straw weak. 

No. 66. Intermediate in height, weak ; ears dark green; leaves erect, 
dark green with much bloom. Brown rust 2, yellow rust 2, 
black riTst 2. Straw weak. / 

Nos. 64, 65 and 66 closely resemble each other in the field. No. 65 is 
taller and has lighter foliage than No. 64. No. 66 is shorter 
and more susceptible to yellow and black rusts than the other 


light green ; 
Brown rust 1, 


No. 67. Intermediate in height, vigorous ; ears 

leaves erect, dark green with slight bloom, 
yellow rust 2, black rust 4. Straw fairly strong. 

, Late. 

No. 68. intermediate in height ; ears dark green; le 
green with slight bloom. Brown rust 1, yell 
rust 2. Straw fairly strong. 

No. 09. Intermediate in height ; ears dark green (light 
leaves erect, dark green with slight bloom. Bro’ 
rust 2, black rust 3. Straw fairly strong. 

Nos. 68 and 69 are nearly alike in the field and only dii 

of the ears and in rust resistance. 

No. 70. Intermediate in height, strong ; ears some 
green ; leaves somewhat drooping, dark green, 
black rust 2. Straw w^eak. 

No. 71. Tall, weak; ears dark green (darker than 
erect, dark bluish green with much bloom. Bro 
Straw weak. 


rust 1, Hack rust 2. 

var, jerrugineum Al. 
Bars bearded, glumes smooth red, grain 
This variety comprises the following nine a| 
into four groups according to the time of mate 
incidence of rust wmre made in 1915 when tin 
yellow rust. 

1. Early. 

No. 72. Short ; ears dark green ; lea- 
green with a moderate amou 
yellow rust 2, black rust 2. St 
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No. 73. Intermediate in height ; ears light dull gn'cn ; leaves some- 
what erect, light dull green. Bro\v]i rust •l,}udlow .nist 2, black 
rust 2, Straw vety W(aik. 

No. 74. Tall, maturing later than Nos. 72a.n<i 73 ; ears ligiit brigiit 
green ; leaves erect, light bright gi’('.<ui. Jh’ow?i. rust 2, y<‘llow 
rust 1, black rust 3. Straw weak. 

2. Intermediate in time of maturity. 

No. 75. Intermediate in height, weak ; ears light bright green ; leaves 
erect, light bright green with little bloom. Brown rust 3, yellCw 
rust 1, black rust 3. Straw fairly strong. 

No. 75 ripens later and there is less bloom on the leaves than in Nos. 
76 and 77. 

No. 76. Intermediate in height, vigorous; ears light green; leaves 
erect, somewhat light green with well developed l)loom. Brown 
rust 2, yellow rust 1 , black rust 2. Straw fairly strong. 

No. 77. Intermediate in height, vigorous ; ears light green (lighter 
than No. 76) ; leaves erect, somewhat light green with a moderate 
amount of bloom. Brown rust 1, yellow rust 1, blade rust 2. 
Straw somewhat weak. 

3. Late. 

No. 78. Short, weak ; ears somewhat, liglit green ; leaves erect, dark 
green with slight hloom. Brown rust 3, yellow rust 3, Idack 
rust 3. Straw weak. 

No. 79. Intermediate in height, weak; ears dark green; leaves 
erect, somewhat dark green with slight bloom. Brown rust 3, 
yellow rust 3, black rust 2. Straw very weak, 

4. Very late. 

No. 80. Intermediate in height, ereet ; ears light bluisli, green ; 
leaves erect, light green with moderate bloom. Brown, rust 2, 
yellow rust 1, black rust 3. Straw weak. 

var. nigricans. 

Bars bearded, glumes smooth, black on a white ground, awns black, 
grain red. , 

This new variety comprises twenty agricultural types whidi fall into four 
classes according to the time of maturity. Most »)! tlu* tyix'san* diaraeteriz(‘d 
by a high degree of rust-resistance while Nos. 87, 89, 9-1, 95 and 98 are iiote- 
worthy in this respect. The observations on whidj t)ie elassification. is bas<*d 
were made in 1916, 
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1. Very early. 

Fo. 81. Short ; ears dull light green ; leaves erect, broad, dark green^ 
Brown rust 0, black rust 1. Straw very weak. 

No. 82. Intermediate in height ; ears dull light green ; leaves erect, 
somewhat light green. Brown rust 0, black rust 1. Straw 
very weak. 

No. 83. Intermediate in height ; ears dark green ; leaves drooping, 
light green. Brown rust 1, black rust l. Straw very weak. 

2. Early. 

No. 84. Tall ; ears dull light green ; leaves erect, light green. Brown 
rust 0, black rust 1. Straw somewhat weak. 

No, 85. Tall ; ears dull dark green; leaves erect, dark green (darker 
than No. 86). Brown rustO, black rust 1. Straw somewhat 
weak. 

No. 86. Intermediate in height ; ears dull dark ^een ; leaves erect, 
dark green. Brown rust 0, black rust I. Straw very weak. 

Nos. 86 and 86 are nearly alike in the field and difi'er only in height, 
in the set of leaves, in the tone of colour of the ears and in 
strength of straw. 

No. 87. Intermediate in height, fairly strong ; ears dull light green ; 
leaves erect, somewhat light green. Brown rust very shght, 
black rust very slight. Straw strong. 

No. 88. Intermediate in height, fairly strong ; ears dull dark green, 
leaves erect, very dark green. Brown rust 0, black rust 1. Straw 
somewhat weak. 

No. 89. Intermediate in height, fairly strong ; ears bright light 
green ; leaves erect, somewhat light green. Brown rust 0, black 
rust very slight. Straw fairly strong. 

3. Intermediate in time of maturity. 

No. 90. Intermediate in height ; ears bright dark green ; leaves erect, 
dark green. Brown rust 0, black rust 1. Straw somewhat 
weak. 

No. 91, Tall ; ears somewhat bright dark green ; leaves erect, rather 
light green. Brown rust 0, black rust 1. Straw weak. 

No. 92. Tall ; ears dull dark green ; leaves dark green. Brown 
rust 0, black rust 1. Straw weak. 

No. 93. Intermediate in height, fairly strong ; ears dull dark green ; 
leaves erect, dark green. Brown rust 0, black rust 1, Straw 
strong. 
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Nos. 90, 91, 92 and 93 closely reseniWe one another iu Mie N<». 91 

is the earlio^st, No. 93 the latest. No. 90 has hri^dit ears, No. 91 
soiiioAvliat bright eaxs whih^ tlu'. other Iavo liavt' ears oi a, dull tune. 

4. Very late. 

No. 94. Intermediate in height, strong; ears dull dark green ; lea, v<‘b 
erect, very dark green. Br(»wn rustO, bhude rust very slight. 
Straw strong. 

No. 95. Intermediate in height, strong, ('arlier tinui No. 94 ; ears 
dark green (brighter than No. 91). Brown rust 0, black mist 
very sEght. Straw strong. 

No. 90. Intermediate in height, strong ; ears sc.mewliat bright dark 
green ; leaves erect, somewhat light green. Brown rust 0, black 
rust 1. Straw fairly strong. 

No. 97. Tall, weak; ears dull dark greo-ii ; leaves t-nv!, soiiiewhat 
light gree,n. Brown rust ve,ry slight, blade rust 2. Straw wi'uk. 

No. 98. intermediate in height (slvorter and eailier Ilian No. 94), 
strong; ears dull dark green; leaves erect, dark green. Brown 
rust 0, black rust very sliglit. Straw .fairly st rong. 

No. 99. Tall ; ears dull dark green ; leaves ereet, dark green. Brown 
rust 0, black rust 1. Straw fairly strong. 

No. 100. Tall, fairly strong, V(‘ry late; ears dull dark green; leaviis 
erect, dark green. Brownriist 0, lilack rust 1. Straw strong. 

var. indktmi. 

Ears bearded, gluiuos smooth blacdc on a red ground, awns blacdt, grain 
wliite. 

This new variety comprises nine agrieultural types whieh full into three 
groups according to time of maturity. All (pa,rtieularly No. 109) exhibit a 
considerable degree of resistance to rust. The observations on wliidi the 
classification was drawn up were made in 191f). 

1. Very early. 

No. 101. Short, strong ; oars dull light green ; leaves erect, liglit green. 
Brown rust 0, black rust 1. Straw soinewliai waaik. 

'No. 102. Short, strong; oars light green; leaves erect, dark greni. 
Brown rust I, blaek rust I. Straw strong. 

2. Early. 

No, 103. Intermediate in height, strong; ears dull dark green; 
leaves erect, dark green. Brown rust 1, Idack rust 1, Straw 
somewhat weak. 
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No. 104. Interroecliate in height, strong ; ears somewhat light green ; 
leaves erect, somewhat light green. Brown rust 1, black rust I. 
Straw weak. 

N(:>. 105. Short, weak ; ears very light dull green ; leaves erect, dark 
green. Brown rust 1, black rust 2. Straw weak. 

No. 106. Short, strong ; ears very light green (brighter than No. 105) ; 

leaves erect, dark green. Brown rust 0, black rust 2. Straw weak. 

3. Late. 

No. 107. Intermediate in height, strong ; ears light bright green ; 
leaves erect, somewhat light green. Brown rust 1, black rust 2. 
Straw strong. The earliest type of the late group. 

No. 108. Intermediate in height, strong ; ears light green ripening 
to a dull tone ; leaves erect, dark green. Brown rust 0, l)lack 
rust 1. Straw strong. 

No. 109. Intermediate in height, strong ; ears light bright green ; 
leaves erect, light green. Brown rustO, black rust very sliglit. 
Straw strong. 

var. hengalensis. 

Ears bearded, glumes smooth, black on a red ground, awns black, grain 

red. 

Tills new variety consists of twelve agricultural types which fall into three 
classes according to the time of matuiity. The observations on which the 
classification was drawn up were made in 1915. 

1. Very early. 

No. no. Short, vigorous ; ears light green with moderate bloom ; 
leaves erect, light green. Brown rust 1, yellow rust 1, black 
rust 2. Straw fairly strong, 

2. Early. 

No. 111. Intermediate in height, weak ; ears dark green with moderate 
bloom ; leaves broad, somewhat drooping, dark green. Brown 
rust 2, yellow rust 1. Straw fairly strong. 

No. 112. Intermediate in height, vigorous; cars light bluish green 
with moderate bloom ; leaves somewhat drooping, light green. 
Brown rust If yellow rust 1, black rust 1. Straw weak. 

No. 113. Intermediate in height ; ears somewhat light green (darker 
than Nos. 112 and 114) with much bloom ; leaves somewhat 
drooping, light green. Brown rust 1, yellow rust 1, black rust 1, 
Straw weak. 


20 


WHEATS OF BllrAR AlifD OMSSA 


N(f. 1,14. Tall, vigorous; oars erect, liglit green with nuxlerate i)Uniin,, ^ 

Brown rust 1, yellow rust 3, black rust 1. tStraw fairly si roug. 

Nos. .1.12 and 114 are nearly alike in the held and only dilTer in Juvigiii, 

in the set ol the leaves and in standing power. g 

3. ..Late. ' t 



No. L15. Intermediate in height, vigorous ; ears rather dark green 
with much bloom ; leaves erect, dark green. Brown rust 2, 
yellow rust 1, black rust 1. Straw weak. 

Nt>. 116. Intermediate in height, vigorous ; ears rather dark green 
with much bloom ; leaves slightly drooping, dark green. Brown 
rust 3, yellow rust 1, black rust 1. (Straw weak. 

Nos. 115 a,ud 116 closely resemble each other in the held and only dilitu’ 
in resistance to brown rust and in tlie set ol live kuives. 

No. 117. Tall; (.'ars somewhat dark green (lighter than Nos. 116 and 
i 1.9) with much bloom ; leaves slightly drooping, dark grc'cn 
(lighter than Nos. 118 and 110). Brown rust 2, ydlow rust J, 
black rust 2. (Straw weak. 

No. 118. Tail, rather weak; ears somewhat dark green with much 
bloom (more than No, 119) ; leaves erect, broad (broader than 
No. 119), dark green. Brown rust 2, yellow rust 1, black rust 
1. Straw weak. 

No. 119. Tali, weak ; ears rather dark green with moderate bloom ; 
leaves erect, dark grt'.en. Brown rust 3, yellow rust 1, black 
rust 2. Straw weak. 

No. 120. Intermediate in height, weak ; ears rather dark green with 
much bloom ; leaves sUgliily dr(ioping, tlark green. Brown rust 
1, yellow rust 1, black rust 1. Straw weak. (No. 120 is earluu' 
than No. 121.) 

No, 121. Intermediate in height, weak ; ears rather dark green with 
very much bloom ; leaves erect, dark green. Bf(nvn rust j , 
yellow rust I, black rust 1. Straw very weak. 

var. meridonale Xeke. 

Ears bearded, glumes felted w.liite, grain w.hiLe, 

This variety is represcntcjd by a single agriouitnral type wliieh is exceed- 
ingly susceptible to black rust. 

No, 122. Early, intermediate in height, strong ; ears dull dark gnion ; 
leaves erect, vcjy dark green. Brown rust 1, black rust 4. 
Straw weak. 


PREFACE 


The following account of tlie operations against bud-rot of 
palms in South India is written because the application of the 
Pest Act marks the end of a phase of the operations and the 
continuance of the work from July 1920 passed to the hands of 
M. R. Ry. S. Sundararaman Avargal, my successor as Government 
Mycologist in the Madras Department of Agriculture. I have 
pleasure in acknowledging great assistance from him in the work 
during the eleven years he was my chief assistant. 

W. MoRAE. 
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I. HISTORY OF TllJi OPERATIONS AGAINST BUD 
ROT OF PALMS IN SOUTH INDIA. 


W. McRAE, M,A., B.SC., 

Ag. I-ni'pericd Mycologist. 

[Received for publication on 23rd November, 1922. 

Aceount of the operations in Godavari and Kistna Districts. 

In 1904: the outbreak of a serious disease of the palmyra palm, Borassus 
flahdlifer Liiiii., in the Godavari delta on the east coast of the Madras Presidency 
was reported and Dr. Butler, the Imperial Mycologist, paid a visit to the 
delta in August 1906. The result of his investigation determining the cause 
to be PhytO'pMliora fahvvm'a Buth, the measures he recommended and the 
early history of the operations undertaken against the disease are given in 
his paper entitled the “ Bud -rot of palms in India.”! For the details of the 
operations to the end of 1909 his paper should be consulted, but I shall give 
a lAsume of what was done up to that time in order to make clear the further 
account of the operations which this paper presents. Briefly the recommenda- 
tions were (1) the formation of a special stadS of agricultural inspectors or 
some similar officials under whom ’would work groups of expert palm-climbers, 
(2) that some of the latter should cut ofi the green tops below the swelling 
of the leaf -sheaths from ail diseased trees both those in the early stages and 
those already dead, (3) that after cutting oh the heads the whole of the tops 
should be collected into a heap in each village and burned, and (4) that other 
palm-climbers should brush Bordeaux mixture on the leaf-sheaths of healthy 
trees in places where the latter were surrounded by large numbers of dead 
and dying trees, in order to diminish the chances of infection. 

Ill December 1906 trial ineasm*es were instituted by the Agricultural 
Department of Madras in three firlcas or sub-divisions of Cocaiiada, 


1 Butler, E. J, Mem. Dep. Agri. Indian Bot. Ser„ Vol. Ill, pp. 221-280, 1910. Euiigi and 
Disease in Plants, p. 95, 1918. 
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EainachaiK]ra,pur and Anialapur TaJuqs, and by Maicb 
diseased trees bad been deaJt with. This was in re 
meiit to gain experience and to see whether the 
for there was sonic doubt and hesitation 
measures on the large scale that was ol 
that were encountered in carrying out 
of Dr. Butler’s memoir. Some of t 
operations, while others have been to 
in June 1907 operations on a 1 
were begun in Amalapur Tahiq, but still only 
was tackled. The general control v"— 
while three mycological assistants and 
appointed as supervisors, 
area of Amalapiu.' Taluq had been worked ov 
The first retimi visit had been 
progress. This set free 
extended to Eamachandrapur 
recrudescence in Amalai 
about half the staff south of the~C 
April 1908 the returns showed that 
Taluq since the beginning of the 
a million in the whole area.’’^ Ii 
transferred and as his successor, j 
July, the work suffered through i 
supervisors had been withdrawn 
Up to October 1908 actual cutting 
working under the direction of 
parties from village to village, 
village in his range, engage the n 

burning and personally r-y * 

of villages in each range being b 
next was too great. So long 
rapidly and continuously from the 
and that a new outbreak could not < 

from outside the 

scences m Amalapur Taluq suggested that the 
death was much longer than was anticipated. Besides^ 

* Butler, E. J. 

Disease in Plants, 


1907 about 40,000 
ality but an expeii- 
measures were practicable, 
at first in undertaking remedial 
ly required. The main difficulties 
ork are given in pages 266 to 270 
have remained throughout the 
a great extent overcome. 

large scale with eight revenue inspectors 
/ a fraction of the infected area 
was entrusted to an Assistant Collector 
an agiicidtuial demenstiator were 
By December 1907 the wlude. of the infected 
3r and ail the old cases cut out. 
paid in most villages and the second was in 
a portion of the staff and the work was accordingly 
TaJiiq by the beginning of 1 5;(J8. A consideiable 
Lpur Taluq in January and Bebiuary 1908 detained 
Gautami until the hot weather. By the Ist 
-t 177,000 palms had been cut in Amalapur 
operations and probubl}^ over a quarter of 
1 October 1908 the Assistant Collector was 
I fepccial Deputy Collector, did not Join till 
vant of supervision. Before this two of the 
and soon afterwards the other two left, 
was done by hired tappers (palm -climbers) 
revenue inspectors whr> moved with their 
fiach revenue inspector had to visit every 
cessary tappers for cutting and coolies for 
supervise the operations in the held. The number 
„ large, the interval between one visit and the 
as it was believed that the disease progressed 
i time of infection to the death of the tree 
occur in cleared-up areas without infection 
arrangement seemed satisfactory, but the repeated i^ecrude- 
interval between infection and 
up to this time, only 
Scr., Vol. Ill, p. 270, 1910, iruagi and 
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a ])ortion. of the infected area in the Godavari District had been worhed over, 
while the Kistna District was untouched. This waj’- of carrying out measures 
against the disease was thus obviously incfioctive botli with regard to the 
area covered and to the whole infected area. 

From October 1908 accordingly Mr. Green, the Special Deputy Collector, 
introduced a new system of carrying out the operations under which actual 
cutting and burning was to be carried out by the tappers and village servants 
under the direction of the village officers upon whom was thrown the respon- 
sibility for getting the work done. The members of the special staff were 
relieved of the actual cutting and burning of dead palms and became inspecting 
officers. This was the aim of the new system but only gradually did it take 
effect in practice and not till 1920, when the Pest Act was applied, was it 
fully realized, A great imiirovement also was the fact that for the first time 
the whole of the known infected area in the Godavari District was brought 
under the operations at the end of 1908 and that of the Kistna District in 
1910. 

While the village officer was moving about in the village on revenue duty 
he noted the position of dead trees and arranged to have them cut. When 
large numbers of dead palms were found in small areas it was easy, but it 
was difficult to get a tapper to cut isolated x^alms or groups of palms scattered 
throughout a village whose area might be ten square miles, because he had 
to spend a considerable amount of time and energy going about the village 
for a small return. At first the trunks of the cut trees were tar-marked and 
afterwards they were numbered with different coloured paints to distinguish 
those of different years. Though tedious, this was necessary in the beginning 
till the village officers and revenue inspectors became accustomed to the 
work. Because of the obliteration of the numbers by weathering and the con- 
sequent loss of the field record, registers were maintained from 1914 showing 
the survey number of every field in which disease was found, and month by 
month the numbers of dead palms cut were marked in the appropriate places. 
The revenue inspectors took the registers out with them and checked the 
number of headless stems in each field, noted any recently dead palms they 
saw and paid for the cost of cutting the trees which at diiiorent times varied 
from ^ to 1-^ annas per tree. The village officers and the revenue inspectors 
reported the number cut and the number paid for respectively, the idea being 
that the one set of figures would be a check on the other. During 1909 and 
1910, however, there was always a discrepancy between the monthly numbers 
reported and a very great difference between the sums of the two sets of 
figures for the year. In the graph for Kistna District is given as a dotted 
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line the figures reported bj the village officers for 19K), 1911 and 19] y, and 
as a continuous Hue those reported by the revenue inspectoi-s a..s paid for 
during those years. As was to be expected in the first )rea,r the two eurvuis 
difier widely, but in 1910 and 1911 they approximate closely. Aftm' a thorough 
investigation the reports of the village officers were disc<udimicd a.s bedng 
unreliable and in the circumstances impracticable to make accurat(n Tlic 
village officers had a great deal of other regular work to do especially in i;ho 
double crop lands where the disease was worst, besides tlie O])erafcions wore 
very unpopular with the cultivators. The village officers accordingly had 
much reason for, and many opportunities of, relegating the operations to a 
secondary place or even doing little or nothing especially where a I'civenmi 
inspector was none too eager to walk about the fields in the hot sun ins])ecting 
what had been done. Too often tlie Avork was loft till the, arrival of tlu; 
revenue inspectors in the village when a spurt was ma,de to g(>.t tlie dea.d 
trees cut. However, too much must not be made of this. Tlu' difficuhi<‘s 
of iatrodiicing an entirely new and little understood syst.Mu of (healing with 
a disease were very real and entailed patient, continuous elfoih to overcome. 
Gradually as the yea,rs jiassed the work was bett(u- done ami tlu' tree owners 
were even induced to bear the cost of the tappers’ wages, thus showing that 
they did ultimately have some belief in the opei ations, and from ,! 91 5 onwards 
the cost of the special staff was practically all that fidl to ho charged to 
Governnmnt funds.^ The years from 1909 in the Godavari District and 1910 
in the .Kistua District till 1912 were spent in getting the operations as ('ilicicnt 
as possible. During this time there was a gradual sliglit iuc.vase in the 
number of dead palms dealt with, and facts wTre gradually accmnulatlm^ 
that led to more intensive measures for dealing with the disease in the fiekr 
but these will be discussed later. 

The record of the nuiiibors of diseased palms dealt witli dining tlu^ fifteen 
years the operations have been in existence is given in Tabh's I— ID and 
graphically in Plate I where graphs arc given for Kistna and Godavari 
Districts. These two blocks were kept separate with a view to seein- more 
clearly what was going on in the infected area, for in several ways tlicy had 
separate characteristics. Por the sake of convenience in recording the ii'mres 
the diseased palms Avere divided into three categories corresponding somewhat 
to the symptoms of the disease, ws:., (1) deud p«/min wliichtJic cmitral leaf 
or ^-oup of leaves was dead indicating that the growing point was dead, 

(2) ‘‘ outwardly infected ” ^ahns in which one or more of the leaviss leal 
Characteristic roAvs of spots indicating that the growing point was st ill aliwe 
and (3) “ inwan^dly infected ” falms in which the iiroseiicc of tli.c disease Avas 
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detected by stripping the leaf-bases from palms tliat sliowed no outward 
symptoms of disease but that grew in the vicinity of dead or out wardly 
infected palms. These terms have no significance other than tliat givc'n in 
the. definitions. Tliey were evolved in talking with tlie s])(H'ial sififi' about 
the work in the field and crept into use in administrative ri-pmts as being 
a convenient way to indicate the appearance of diseased palms as dealt with 
in the stages of the operations. The numbers of the trees dealt with were 
reported in this way in order that we might be the better informed as to the 
progress of the operations. The outwardly infected and inwardly infected 
trees had all the diseased tissue excised and thus were given a chance of 
recovery. 

With regard to the value of the figures, those of the first category 
have a reasonable degree of accuracy as it is easy enough to distinguish 
a dead tree, while those of the other two are not (piit(‘ so accurate 
being most probably a little too high especially in tlie second category. 
The village officers at first did not always distingiiisli hefwei'n rows of 
spots caused by the fungus and rows of Iioles caused by the rhinocercs 

beetle. Again the death of the central leaf or even the two next to 

it does not absolutely mean that the central growing-point is dead, 

though as a matter of fact it generally does so from the point of view 

of the ordinary operations. If the crown is dissected immediately the 
leaves show the yellow discoloration, the growing-point in a greaf) many 
cases is found not to be dead and the tree can be saved. But a few days 
later the tissue about the growing-point becomes involved in the rot and 
it is too late to save the tree. During the “detailed exa,mination. ” of 
trees mentioned on page 36 and succeeding pages such cases would bo dealt 
with in, increasing numbers and they would naturally be included among the 
outwardly infected palms for the lack of another division into which to put 
them. The trees were diseased and were saved as the outwardly infected 
ones were. The only material error in the second category, I think, crept 
in during 1914 when outw>'ardly infected palms were first being dealt with 
on a large scale in the Godavari District. On page 4 of a note on the “ Rows 
of Spots on Palmyra Palms ” published in the Agricultural Journal of India, 
VII, 1912, 1 gave three examples in which the percentage of outwardly infected 
palms was 17, 8 and 3-4 respectively, and mentioned that- I thought the 
percentage of such trees over the whole area was slightly below th('. last figure. 
The numbers of the outwardly infected and dead palms in Godavari District 
from July 1913 when the former began to be cut till December 1914 are as 
follows ; — 
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Month 

Outwardly infected 

Dead 

July 1913 



1,453 

2,972 

or 1:2 or 

33 i5er cent. 

Aug. „ 



1,853 

3,890 

1:2 

32 

Sept. „ 



4,232 

4,755 

1:1 

47 ,, 

Oct. ,, 



3,844 

2,4.34 

8 : 5 

61 

•Nov. „ 



4,121 

2,967 

8:6 

58 

Dec. „ 



3,585 

3,662 

1 :l 

49 

Jan. 1914 



2,519 

.3,416 

5:7 

42 

Feb. 



2,219 

3,182 

2:3 

41 

Mar. „ 



2,864 

2,503 

1:1 

53 „ 

Apr. „ 



2,321 

1,.375 

11 : 7 

62 

May „ 



4,378 

1,.5.55 

3:1 

73 

June „ 



4,313 

1,111 

4:1 

71 „ 

July „ 



4,819 

1,226 

4 : 1 

79 

Aug. „ 



3,738 

1,923 

2 : 1 

66 ,, 

Sep. „ 



2,604 

3,598 

2:3 

42 

Oct. 



2,650 

4 308 

5 : 8 

38 

Nov. 



2,228 

3,197 

2:. 3 

41 

Dec. „ 



4,112 

5,448 

4:5 

43 


Even taking into account tke reservation made in tke early part of this 
paragraph the number of outwardly infected trees is too high in all these 
months. Anything like these numbers of outwardly infected palms would 
have been strikingly conspicuous, but the appearance in the delta was not so. 
I am willing to admit that my first estimate was far too low but not to the 
extent that these figures indicate. Again through an unfortunat e misunder- 
standing the person then in charge of the operations thought the relative 
proportion of outwardly infected to dead palms should not be less than 2 : 1, 
and in April 1914 issued instructions accordingly to all revenue insxjectois 
and threatened penalties if the reports showed otherwise. It was only after 
I had had several monthly reports and noticed the unexjjectedly high pro- 
portion that I found this out, had the instructions cancelled and took pains 
to have the inspectors carefully instructed. The figures for the inwardly 
infected palms are fairly accurate. The only likely error would be the 
inclusion of trees that had brown blotches on the leaf-sheaths especially near 
the edges, but as these are not at all like the spots caused by the fungus this 
error would he insignificant after the first detailed examination of trees. 
I have no means of accurately estimating the errors which on the whole are 
small and not, I think, any greater than in field work of the class, so I shall 
use the figures in the discussion as they stand. 

I shall now desorihe the working of the operations from year to year 
from 1910 onwards mentioning the salient features, of the work as they crop 
up. In 1910 there were 666 villages within the infected area in Godavari 
District and cuttings were made in 208, while in Kistna District out of 710 
villages cuttings were made in 35 in January and 103 in December. The 

2 
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total number of dead trees cut this year in the whole infected area, was 
considerably less than the number cut in the previous year in (htdavari 
District alone, and this gave considerablo cncoiiragenKmt with regard U> the, 
continuance of the operations. In lOl'.! on the transferoiua', of I he. S])<'eia! 
Deputy Collector he was replaced by two Tahsildars, o.ne for ('aeli district;, 
as the two districts were found to be too large for a single officer to sii])( i vise. 
properly, and the stafi in Godavari District was increased. By ]9,12 the 
spread of the disease was definitely checked in both districts. In Kist.na, 
District the number of dead palms cut was high in parts of the tahtqs of 
Koviir, Tanuku and Harsapur, but beyond that area there were so lew cutt ings 
that the rest of these taluqs and the whole of Bunder and Bhiinavarani Talnqs 
were handed over to the ordinary revenue staff which became responsible 
fur cutting sporadic cases that might occur and for reiiorlir.g any scuious 
outbreak to the Special Tahsildar. In Godavari District two .new infer ted 
places at Pittapur and Jagapetinagrnam were fomid i,ii the. iqjlantis eight 
and twelve miles from Samalkota which is at the edge of the delta. Jn one. 
case the infected area was about forty and in the other about Icji acres, the 
former being situated on one side and the other tm both sirlcs of a main Jtoarl 
and each being beside a small tank. Both were miles away from the nearest 
known Infected area and from their position it h'oks as if the disease lias bt'cn 
transported there by human agency. In the latter o.f them 203 deunJ trees 
were cut. 684 trees surrounding them were examined by cutti.iig off .17 <tr J8 
of the lower leaf-sheaths and 90 of them wore found to he. diseased. All 
had the diseased tissue completely excised and all recovered. Ifiojn tliis 
place the disease w^as later completely eradicated (no deatlis haviiig occurred 
during the last five years), but occasional deaths still ocenr in tlie ot.her. TJie 
Collector placed one revenue inspector on duty solely i.!i. t,he u])laiids .so iJiat 
a better watch could be kept over a belt of five miles o.ii the edge <d' the. infcctc,<i 
area in Godavari District. In the years 1911 and 1912 the niunber of dt'iul 
trees was slightly above that of 1910 and in the lattcu- y<uu’ was ;reco 2 '<lcd tlu*. 
highest number of deaths since 1909, but after this date tlie number gradually 
and continuously declined. During tliis period was conducti'd a set of inocula- 
tion experiments which are described separately at the (uid of this jia.jier. 

About this time a proposal was made to aba,ndon the attempt to (.control 
the disease within the infected area and to siibstitu.te a jilan of pa.tj'oi]ii)g 
a belt round the boundaries of that area, fortunately, howe.ver, th,e. proposal 
was dropped for obvious reasons ; the chief of which being that the nnmlx'r 
of diseased trees in the infected area was too small a })erccntage of the total 
to justify the sacrifice of all, that the patrol of the belt would have had. to 
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continue till most of the trees in the infected area had taken the disease and 
died, and thus, because of the slow rate of development and spread of the 
fungus, there would be no determinable limit to the operations, and that 
there was no certainty that a carefully patrolled belt of reasonable dimensions 
would stop the spread of the disease beyond it as it was still possible for the 
disease to be transported long distances by human agency. Effort ivas 
accordingly directed to improving the system already in practice. 

In 1913 the number of dead trees cut over the whole area fell considerably. 
Up to this time, however, only dead palms were being destroyed, but a fairly 
large number of diseased palms showed the presence of disease in the appear- 
ance of rows of spots on the laminae of the leaves.^ It was found that, when 
such a leaf protruded from the bud and began to open, the mycelium developed 
on the surfaces of the spots and produced sporangia in favourable circumstances 
such as when there was dew in the cold season or a highly moisture-charged 
atmosphere during the monsoon. In the presence of "water, the sporangia 
discharged zoospores freely and their position on the topmost leaf of the palm 
was an excellent one for dissemination by dripping on the supporting palm 
or to lower ones or by rain splashing the zoospore-charged drops of "water 
on the leaf to sruTounding palms. Older leaves, however, though they retain 
traces of mycelium on the old spots, did not appear to have it in an active 
condition and probably they played a very small part in the dissemination 
of the fungus. The facts of dissemination could not he actually proved as 
most of the palms were from 20 to 40 feet high and, so far as I was concerned, 
unclimbable, but the possibility and the likelihood are not in doubt. The facts 
of mycelium and spore development were demonstrated by having many of 
these leaves cut down by tappers and examined. These trees produced a 
varying number of spotted leaves, the largest number that has been counted 
on one palm being fifteen in the "village of Achanta. As the palm produces 
roughly a leaf a moiith^ these leaves would have offered one after another 
pissibilities for the spread of infection for considerable periods. For example, 
a palm about 30 feet high was marked in the village of Annampalli in Godavari 
District in August 1908 as having the laminae of more than one leaf spotted 
and it remained alive putting out spotted leaves till January 1912 when the 
central leaves were noticed to be dead and the cro"wn was cut and burned 
by a revenue inspector in my absence. I saw it twice in the interval and 
verified the presence of fungus in ten leaf-sheaths hut unfortunately the 

^ McRae, W. Ro"Ws of Spots on the Leaves of Palmyra Palms. Agri,Jour,, India, Vol. 
VII, pp, 272 to 279. 

2 McRae, W. Growth of the Palmyra Palm. Indian Forester, Y6l XLIV, pp. 25, 26, 1918. 
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numbar of spotted loaves was not counted at tlio ond. TJiis pal,,, was tjius 
known to Ixave had the disease for time and a luilf yeiu's in a conditio,, 
favouraUa for dissemination. 'Chough the people ae,,„iesc,,d in allowing dead 
palms to be cut, they were oxtromely averse to having Ihose will, .spoiled 
Ieay«,s cut too. At first I wanted thorn to ho cut a.nd h,„„ed a.s ,l<,ad t,-e,.s 
were, but evidenoo was g,-aduoJly accumulating to show that it was uimecessarv 
to destroy them and that they oould bo .saved. ' ‘ 

My attention was firei attracted to the possibility of a palmyra’s rccov,.,y 
by sseing some palms that had recovered after they had been behead, vl in 
the »urse of the ordinary operations. These new crowns were small 'Ll 
sometimes stuck out at an angle and did not often sinvive, but one in Itampndi 
„rew well and was under observation for six years. Zt was cut in 1910 or 
1911 and grew till 1917 when it sncciuubed, to tin, di»oa.se. being 
a m« mtensoly mfectcl ,,a,'t of the village. TJie. tnu,k was consliioled lo 
half Its (hameter and then widened ont to about the same ,|i„mete,. as below 
he coustr,ct,ou aud elougate.! farther to about f.,..,. fegr, j ) 

perhaps a , row g, -owing-point might have In,,-,, f„„u„d f,.,,,,, ihe^slielitiv 
d 2ereut,ated tasue round the g, -owing-point or i„ the „.vil of y„u,‘,.,'’le.,f 
bit on carefully chssoctiug thirteen young ca,sos I e-„„e +, - ’ 

that it was the original gfowinif-DoiiiHInf- h ) I r <^Gndiisi<jn 

a new crown. Til wat ,1 LL 1 ,1 

- .me Of T L 

point being formed, but of this I could get „„ evi I,' ' 

Howover, these cases did show that oven after d,-aLc“L,.Lir4rp-r,‘''‘’’ 
had the power to recover and Hid iraU » i ^ ‘ 

the same treatment to the outwardly 

they would recover. ^ mocted palms to sec in what number 

tie i;r Xno«^ 

about the level of the glvLlLr^ , 7"“ 

penetrated and its tissue destroyolreslmohitheV L-||'’'^'“'“‘*'''® 

ing the usual symptoms of disease 77 r 

a young leaf was penetrated, and as it was doliLLSolLLLpusW 
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out into the air and expanded, presenting the symptom of disease consisting 
of a row of ciraracteristic spots on the expanded leaf-blade and seeing the 
fungus was at a sufficient distance from the growing-point all the diseased 
tissue of the leaf-bases, petioles and laminae could be cut ofi, leaving a mass 
of truncated leaves around the living growing-point. It was found by trial 
in several villages in different parts of the infected area, both in the delta 
and the uplands, that in any season, if this mass of tissue was four inches 
broad and six inches high the growing-point would not die but would in 
ninety-four per cent, of cases produce a new crown of leaves which in two 
years or more would be as large as the original crown. As soon as it became 
apparent that this kind of thing could be done, I tried the experiment on 
every occasion I could persuade the ownei- to allow me to operate on a case 
and as these trees began to multiply throughout the area, people began to 
see that there was some real tangible benefit in such an operation. So it 
became possible to have these trees treated and from February 1913 in 
Kistna District and July of the same year in Godavari District they were 
definitely included in the scope of the operations. In Kistna District where 
each revenue inspector’s charge was smaller and lighter than in Godavari 
District the number of those outwardly infected palms dealt with in the first 
few months was large and ever afterwards comparatively small. In the 
latter district, however, the number was high and remained high for several 
months, thereafter coming down but always remaining substantial. 

Simultaneously experiments were being made, whenever possible, in 
examining apparently healthy palms in the vicinity of dead and outwardly 
infected ones by cutting off leaf-bases, and it soon became apparent that a 
very considerable number that showed no outward symptoms w'ere diseased, 
A few fixamples will suffice. In September 1910 at Vijheswaram, where dead 
trees had persistently appeared during the year, twenty-one were examined 
that all looked quite healthy : indeed the tapper said it w'as useless to climb 
them looking for disease. Ten had the disease, seven having living fungus 
and three dead fungus. The seven had 8, 9, 15, 22, 24, 25 and 29 leaf-bases 
spotted respectively and the three had 2, 3 and 7 respectively. About the 
same time at Kajabhupalapatnam forty apparently healthy palms were 
examined similarly in a field in which diseased trees were being cut, and 
fourteen of them had the disease. At Jagapatinagaram 203 dead trees wm’e 
cut after the disease was discovered there in 1912. In October 584 healthy 
looking palms in the immediate vicinity were examined and 99 of thorn 
were diseased. At Siddhantham, in a part where trees were not climbed so 
much as usual, those round two dead and two outwardly infected palms were 
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examitiGtl and altogether thirty-four imvardly infected tall trees were dis- 
cov-ered. Those palms were not being touched by the operations till alter 
a longer or shorter period of months they showed the outward symptoms. 
The record of the last mentioned example shows where infection begins. 
Disease spots were found in twenty-six trees to begin on the tenth or a lower 
leaf-slieath, counting ujiwards from the lowest leaf-sheath on the tree, in 
six to begin from the eleventh to the seventeenth and in two to begin on the 
twenty-first and twenty-fourth leaf-sheath respectively, Byta'ldiigoff ten 
leaf-sheaths seventy-six per cent, of the inwardly infected trees would be 
found and by taking off seventeen ninety-four per cent. Fifteen to seventeen 
was the number that came to be recommended for removal during tbe detailed 
examination to be described shortly. The number of leaf-bases on a palm 
depends on how often they are removed for economic purposes and how 
many are required at a time and varies from field to field and taluq to taluq. 
Even though a small number of infected trees would be missed, the omission 
was unavoidable. As it turned out, the inwardly infected palms were over 
a large area about 8 per cent, of those examined, and it would have been 
quite out of the question to have cut all trees so drastically as to have found 



out every case of disease. 

To get information on a large scale a detailed examination of trees was 
made in the villages of Chikkala and Unagatla which are situated on the edge 
of tbe palmyra belt in the Kistna uplands where there is a great trade in 
sweet toddy for making jaggery for the sugar factory at Samalkota. Since 
the detection of the disease here in 1912, the number of dead trees bad steadily 
risen and the area had increased to 1,059 acres. Great numbers of tappeis 
migrated into this region annually from the central delta for the tapping 
season from March to June, and it is possible they brought the disease with 
them. At any rate their operations helped the disease to spread as the trees 
were so often handled and the tappers did not distinguish between infected 
and healthy palms in tapping. It was obvious that the extension, of the 
disease into this belt would cause greater loss economically than in any other 
part of the area and that tbe operations bere sbould be carried out more 
intensively. So great bad been tbe opposition to tbe treating of outwardly 
infected palms in these two villages in 1913 that tbe Collector again suggested 
legislation to give autboxity to combat tbe disease. After a great deal of 
bard work in tlie villages tbe Special Tahsildar got a certain number of tbem 
done and towards tbe end of 1913 tbe Collector directed the Excise Officer’s 
not to issue any tapping liceirces during the coming season for trees situated 
in the infected area of these villages. At tbe beginning of tbe scasen in 


W. MCEAE 


37 



1911 the agricultural and special officers concerned with the operations visited 
the villages and pointed out to the villagers that thedisease was steadily 
spreading and would soon be into the heart of their tapping area and tha 
its progress could be checked if only they would co-operate in working against 
it instead of opposing the operations. It was consequently agreed that, 
if the villagers would cut and examine 17 leaf-bases from all the big trees 
and operate at once on all those found to be either internally or outwardly 
infected, then the prohibition would be withdrawn. To supervise the work 
all four Kistna revenue inspectors were concentrated in the two villages wdiile 
the work was in progress, and an Excise Officer too remained to issue licences 
as soon as trees were ready. Work was finished before the ta 2 )ping season 
really set in utkI tapping on trees known to bo healthy xu’oceeded. The 
result of the examination was as follows : — 


Number of palms examined 

Found to be diseased 
but with no external 
symptoms 

1 

Found to be diseased 
and showing external 
symptoms 

Found to 
bo dead 

12,12!) . 1 

9G3 I 

■ “ _ 

17 


In May as the tapping season was on the wane the attention of the 
villagers was drawn to the results of this examination and to the likelihood 
of many of the palms that remained uii-examined, because they were not 
ready or required for tapping, being infected and, if left alone, spreading 
the infection to the trees they wished to tap next year. They agreed to 
examine those as well, and all were examined with tire exception of 450 palms 
infested with scorpions, snakes and “ other devils ” : these the taj^pers -would 
not climb- The complete results of both examinations were as follows - 




Nainber c»f palms examined 


20,83: 


Fomid to be diseased 
but with no external 
symptoms 


Found to be diseased 
and showing external 
symptoms 


Found to 
be dead 


These figures showed that six per cent, of the palms were infected witlimit 
showing external syjiiptoms, and that in this area the imjrroved operations 
of cutting and burning dead and outwardly infected trees -were dealing with 
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onlv' six per cent, of the total niiiuber of diseased trees actually oo the ground 
at the time. 

In December ]914 when I visited Unagatla I had ninety-seven of tlie 
trees that had been examined in the previous Maroli re-examined in tln^ two 
worst infected fields auel found eiglit diseased. Tlie tigures for the (ixaminai ion 
in March in the two fields were as follows - 


Number of oalm.^ examined 

Number inwardly 
infected 

■ ■ 

Number outwardly 
infected 

Number 

dead 

(1) 375 

240 

(i 

1 

ri) 1.387 

: 218 ■ 

8 

1 

1,7(!2 

458 

14 

2 


Tlie result of my examination of these eiglit trees led to the conclusion 
that (a) two had been unavoidably missed as the disease began from, the 
fifth and the ninth leaf-base, respectively, counting from the lowest on the 
tree, and eleven and thirty-three leaf-bases respectively were penoti’atcd, 
(&) two were pr<>bably avoidably missed as the lowest leaf-base in one and the 
third, thougb. exposed, leaf-base in the other were spotted and thirty-three 
and fifteen leaf-bases r(',spectively were penetrated, (c) two had not had all 
the diseased tissue removed as they hatl been recorded as inwardly infected 
and outwanlly infected respectiimly, and (d) two were infected during or 
shortly after the examination as the lowest leaf-bases were spotted and eleven 
and twelve leaf-bases respectively were penetrated. Two of tlie.ni were 
outwardly infected in December and the other six had no outward symptoms. 
They would all have been discovered at a re-examination. Consideiing that 
this was the fir.st time the examination had been done on a large scale, the 
work, though by no means perfect, was satisfactory from the point of view 
of materially reducing the disease. 

The Speciid^ Tahsildar of Grodavari District attempted a similar examinalioii 
in the upland infected areas in June. He was not, however, aided by 
the fortuitous circumstances which so assisted work in Kistna. In the 
thirteen small isolated infected areas in the uplands sweet toddy tajiping 
was of small importance and of course the licences had already been issued 
where required early in the year. Th€‘ cost of examination was accoj'dingly 
defrayed hy Government, and eleven of the areas were examined. After 
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iiard, patient work in the villages the Tahsiidar presented the following 
result ■ 


Niiinbor of jialms exaiainecl 

Imvardly infected 

1 

j Outwardly infected 

Dead 

11,327 

570 

1 3S2 : I 



The figures showed that five per cent, of the palms were infected without 
showing external symptoms, and that in these areas the improved operations 
were dealing with only forty-five per cent, of the total number of diseased 
trees actually on the ground at the time, . This explained the slow action 
of the operations hitherto in vogue in combating the disease, when action 
was delayed till a palm developed outward symptoms, and made clear the 
desirability and the possibility of carrying out such an examination. 

In 1914 the area under operation remained unaltered in both districts. 
The gradual change in the method of operations first by dealing wdth palms 
that were outwardly infected and then wuth those that were imvardly infected 
rendered it a little difficult to compare the figures for the several years. The 
total number of diseased trees dealt with in both districts w^as 82,831 and 
this was a little higher than the previous year, but of them only 36,357 were 
dead, a considerable reduction on the figures for dead trees of the previous 
year, 68,469. During the monsoon there was a very jirotracted spell 
of warm wet weather which was favourable to the spread of the disease. At 
Tanuku thirty inches of rain fell on forty-three days between July and Septem- 
ber as compared with thirteen inches on tw’enty-iiine days in the same period 
of the previous year. On the whole, therefore, the figures for the operations 
were satisfactory. The disease w^as discovered towards the end of the year 
in two adjacent villages in Tuni Taluq just beyond the previously known 
infected area. All the 2,373 trees in the infected area of 650 acres were 
examined and 172 were found to be diseased. There w'as a recrudescence 
of the disease in Bunder Taluq wffiere thirty-nine diseased trees were found. 
In this year a marked improvement in the carrying out of the operations w'as 
definitely noticed during my tour in December W'hen I inspected twenty-two 
villages carefully and saw only eight outwardly infected and no dead palmyras. 
This inspection revealed a very different state of affairs to what existed 
even two years before and showed that the special staff had been working 
well and acting promptly on every external indication of disease. The work 
was now being conducted effectively. 
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1915 was even a wetter year than the previous one ; for thirty-two inches 
of rain fell from June to August as against the average for forty years of 
seventeen and a half inches. The total number of diseased trees dealt with 
in ])oth districts fell by 24,000 and the dead trees by 14,000. As the monsoon 
ceased in 1914 the staff in Kistna was urged to attempt in the coming dry 
weather a detailed examination of all trees in some of the worst infected areas 
and responded by undertaldng to make an examination of every infected 
village. This work, begun in the end of November, was carried on till elune 
1915. It was an uphill task demanding constant exposure in the field during 
the hottest and driest part of the year and taxed their energies very consider- 
ably, but they brought it off successfully and it was an excellent piece of work. 
Kegisters were prepared for every one of the thirty-one infected villages 
showing the fields in which any cuttings had been made in 1913 and 1914. 
Evory tree standing in these fields was examined and also every tree standing 
in an adjacent field and being within fifty yards of an infected tree. Excluding 
the villages classed as uninfected but which were still patrolled and including 
similar villages in which examination had to be made because parts of the 
adjoined infected fields of other villages, this work W'as carried out in foi’ty-one 
villages. Besides this a re-examination wnis made in the Chikkala area and 
extended to 1,789 acres as compared with 1,069 of the previous year with 
the following result:— 



Examined 

Inwardly 

infected 

Outwardly 

infected 

1 Dead 

Main area . . . . . . 

l.S9,302 

9, .504 

' 

707 

m 

Chiklcala area .. .. . . ' 

22,198 

525 

105 

55 

"^I’OTAL ... 

1(51,500 

10,029 

812 

428 


The figures showed the great step forward that had been taken in trying 
to get level with the disease. According to the system in vogue before 1913 
only 428 dead trees would have been dealt with : according to tliat in vogue 
in 1914, 1,240 would have been operated on or three times the mnuber, whilst 
by means ol this detailed examination it had been possible to deal with 11,209 
infected trees or twenty-six times the number that would have ].)een (b^alt 
with under the original system. It must not be thought that during this 
examination we made sure that every infected palm in the area covered had 
been dealt with. There would always be some cases that were actually 
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missed or in whicli tlie work was done imperfectly or wkicli tliongh standing 
lieyond the fifty yards’ limit were yet inwardly infected. It must also be 
admitted that this examination exposed the susceptible parts of a great 
many trees to the risk of infection, lire risk of pas.sing on infection by means 
of the ta])per’s knife was avoided by having the knife sterilized in boiling 
water or by passing it through a flame, after the tapper had operated on a 
diseased tree and before he climbed the next one. But the risk of infection 
by beetles and by splashing during rain had to be taken. We hoped that 
because of the known slow rate of spread of the disease and because the work 
was done mostly in the dry weather, the rate of spread would be much less 
than the rate at which the trees were being dealt with. This was a weakness 
of the method but, if we had tried to protect the exposed surfaces with 
Bordeaux mixture or any other fungicide, the time taken to do so effectively 
with the staff at our disposal would have prevented the examination of the 
large number of trees contemplated. 

Early in 1916 the Kistna Tahsildar, who had been in charge of the central 
delta for the previous two years, had examined 33,578 palms there and found 
3,039 inwardly infected. To introduce this practice, however, over the whole 
of the main infected area in Godavari District was the biggest problem the 
special staff had been faced with since 1909 when the j)i’e«ent system was 
introduced. The staff was strengthened very c'onsideiably in numbers and 
the work was begun when the harvest was over at the end of November 1915 
in the eastern delta and the end of December in the central delta and was 
finished by June 1916, when the rains came. In all 384 villages were worked 
over and the cutting and burning was done entirely at the peojffe’s expense. 
They were encouraged to take a personal interest in the operations and to 
give help. The following were the figures 


Examined 

Inwardly infected. 

Outwardly infected 

Dead 

968,492 

' ' . 

44,391 

■ ■ 

10,145 

14,207 


The relative proportion of the groups of figures was quite different from 
that found in Kistna District but that was not unex]3ected over the main 
area with all its varying degrees of intensity of the disease in different villages 
and where the relative proportion of area lightly infected was fan greater 
than in the area worked over in Kistna. It did demonstrate, however, the 
tremendous advantage of the new method. 
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!9U5 was a wfitfcor year than ever and far exceeded the record for the 
past forty years. Tiiis lowered the cuttings for the second luilf of the year 
simply heciiuse of the difliculty of getting trees cut and burned in very Avet 
wearher. In the first half a re-examination of the Kistua area was made 
and a third examination of the Cliikkala area. This time palms were examined 
within fifty yards of all dead and outwardly infected ones tliat liad aj)])eared 
sinee the previous detailed examination. The figures from December 1915 
to dime 1914- Avere as follows: — 


In the Ohikkala area there had been a continnous drop in tlie nnmbm- of 
inwardly infected trees in the three examinations and also in the total number 
of diseased trees found in tlie year, vk., 1,570 in 1914, 1,110 in 1915 and 301 
in 191G, so that the detailed examination seemed to be having an effect in 
reducing the number of diseased palms in. this area, In the main Kistna 
area too the nmnber of inwardly infected palms AAms less in the re-examination. 
After finishing tins work the staff cursorily inspected forty -three villages 
eliminated from control during the last few years and found diseased trees 
in four of them. These AA’-ere taken under control again and another AAms 
added later on. 

During 1917, 1918 and 1919 the general examination went on during the 
dry months aud the number of diseased palms decreased except in 1918 AvdAen 
it suddenly increased. This Avas a bitter disappointment. Even though Ihoie 
had been a series of unusually Avet years Ave hoped that the ojierations iioav 
hal a greater influence on the disease than natural conditions, .bi Kistna 
District the disease appeared again in thirty-seven villages that Jiad been 
given over to the super Ausion of the ordinary revenue .staff in 1912, and in 
twenty-one other villages in Bhirnavaram, Kaikaliir and Giidivada, and a fcAv 
stray ca.ses Avere cut at Bezwada, Eliore and Masulipatam, AAdiile in Giulavaii 
District a feAV cases were cut in Pohwarani, This show.s the insidious character 
of the disease and how difficult it is to eradicate entirely from a village. From 
March 1918, when the number of infected trees was greatest, a special effort 
was made to get the disease again under contiol, and the general exaniination 



Examined 

Inwardly 

iiifected 

Outwardiv 

infected 

AlaiAKistna areii 

24,419 

1,130 

,302 310 

Ohikkala area 

8,804 

167 

71 ■ 12 

I’nTAL 

.3.3,283 

1,317 

373 322 


ia 1919, when the staff tried to find every diseased tree, showed that the nninher 
had fallen again to previous proportions. In December 1919 and January 
1920 my assistant Mr. Sundararaman and I toured by separate loutes througli 
the worst infected villages of both districts. Altogether wo saw under thirty 
dead or outwardly infected pahnyras even though operations had been suspended 
for the previous two months. In former years during December and January 
there had always been a large number of diseased palms and we expected to 
see several hundreds. That so small a number of diseased trees was found 
on this tour of inspection was very encouraging and was an undoubted proof 
of the success of the operations. 

From November 1919 to March 1920 the operations -were suspended at 
the instance of the Director of Agriculture in order that the staff might carry 
on a campaign of publicity before the application of the Pest Act to the disease. 
It was in connection with the attempt to have outwardly infected trees 
dealt with that we first suggested early in 1912 to take legislative power to cut 
compulsorily such trees, but Government declined to resort to conipuLsion 
till the need for it was much more clearly established. The operations %vent 
on accordingly relying on the tact and persuasiveness of the members of the 
special staff to overcome the difircirlties. That they were successful in great 
measure has been shown in the discussion of the position of the ojrerations 
from year to year, but they never induced any great body of the tree-owners 
to do the work spontaneously though they did persuade them to allow the 
cutting to be done at their (the tree-owners’) expeirse. By 1919 a definite 
proposal for a local Pest Act was accepted by the Government of Madras, 
and at a special meeting at Pusa, where the subject was discussed, the last 
objection to such an Act was withdrawn and the way was finally opened for 
having it passed. Throrrghout the whole period of the operations there was 
one hope that never was realized to any great extent — ^the hope of interesting 
the tree-owners in the measures taken to combat the disease to such an extent 
as to get them to act for themselves. Had this hope been realized the special 
staff might have been withdrawn gradually and the people left to protect 
themselves against loss from the disease. Most people in the infected area 
knew about the disease and its symptoms but entirely depended on the official 
staff to deal with it. The next step was to stir up this interest. By the 
application of the Post Act of 1919 dealing with diseased palmyras became 
a duty, and it seemed not unreasonable to believe that after people got 
accustomed to tackling the disease themselves they would come to realize 
that they could fight it without extraneous help. To ensure that every 
person in the infected area and around it did know sufficient about the methods 
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of dealing with diseased trees, hi vS duties under the Act and tlie penalties 
for non-compliance, the special staff stopped the operations and devoted 
themselves to a publicity campaign. The fact of the operations being entirely 
stopped for four months seemed to have impressed the people that {Tiovermnont 
was in earne.st. Pamphlets in the vernacular -were wnitteii witli illustrations 
given in colour and distributed to all the literate people directly and indirectly 
connected with the villages and small posters with an illustration of a diseased 
pa]m}n'a palm were posted in thousands on conspicuous places. To reach 
the great hulk of the tree-owners, who were illiterate, meetings were held 
in the villages where “ sand'wdchmen ” were sent round by day and lanteiii 
demonstrations were given by night. Verses were written and folksongs 
adapted and. they were sung at festivals and fairs and mask dances were 
also a feature. Everything possible was clone to excite interest and tliere 
is no doubt of the vsnccess of the campaign, and the credit is in great measure 
due to the energy and fertile brain of M. E, Ey. Eao Saheb V. Bhogappayya 
Sastry Garu, b.a., Special Deputy Collector on Palm Duty in Godavari and 
Kistna Districts, 

In 1920 and 1921 when the complete operations were being carried on 
with the additional stimulus of the Pest Act, the number of diseased trees 
found remained low, being 16,500 in 1920 and 8,700 in 1921. 

General review of the operations. 

(a) The mmihers. The earliest attempt in 1906 to deal with the disease 
over a limited area accounted for 40,000 dead palms. The number of dead 
palms cut during the 19 months, June 1907 to December 1908, viz., 398,000, 
included many trees that had died from about June 1904 because it takes up 
to three years for all the leaves to wither, reckoning from the time the growing- 
point dies and the topmost leaf has withered. Consequently a considerable 
number of such cases would still be standing and be dealt with by the staff 
as they moved over the infected area. As mentioned on page 47, the intensity 
of the disease was greatest in 1908 when probably about 100,000 died, even 
though 183,000 were actually cut that year, the exce.ss being cases that had 
died in the years immediately preceding. From 1908 to 1913 there was 
not much of a fall in the annual figures, this being due to the gradual perfecting 
of the operations, to trees being cut more promptly and to the area being 
better patrolled. From 1914 to 1917 there was a steady fall in the number 
of outwardly diseased and dead trees owing to the fact of 74,800 inwardly 
infected trees having been dealt with and cured, 1918 was a disappointing 
year because the number suddenly rose in all categories. However, theie 
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was a considerable fall in 1919. In 1920 the Pest Act was applied and 
the numbers again fell both in that year and in 192b the last year of the 
operations under review. From 1913 onwards IOO 3 OOO diseased trees in the 
early stages of infection had the diseased tissue removed and were restored 
to health during the examination of 2,800,000 apparently healthy palms 
growing in the vicinity of dead ones, and there can be no doubt that this 
had a great influence in quickly reducing the number of dead palms in the 
later years of the operations. 

(b) The area. The area said to have been infected in the earlier years 
was given by Dr. Butler for August 1905 ^ and for the end of 1908 b and in a 
report to Government I gave the known infected area about the middle of 1910. 
The diagi’am (Plate II) shows in colour the different areas which were about 
500, 1,200, and 1,800 square miles respectively. The extensicn in the northern 
part is fairly accurate but that towards the Kistna is inadequate in all three 
estimates. The information in the earlier estimates was got chiefly by a 
young member of the Agricultural Department whose home was in the 
Godavari delta, and it is likely that he had more detailed information about 
the Godavari where his home and his work were than about the Kistna District. 
The people in Tanuku and Narasapur Taluqs say they noticed it in 1903, 
the year of the cyclone, but the people beyond the Naiasapur canal had no 
reason to report the presence of disease in those early days, thus it could only 
be located by actually seeing it and there was little or no touring done in the 
Kistna District before 1910 with the object of finding the extension of the 
disease. With later more accurate and detailed knowledge of the disease in 
this locality it seems more than probable that long before 1906 the disease 
had already crossed the Vasishta branch of the river, and that it had extended 
further into Kistna District by 1908 or by 1910 than is shown in the map. 
Early in 1910 cuttings were being made in Bunder Taluq around Masulipatam 
and from observations on the dead palms there I am certain the disease had 
been there for over three years before this date. Yet at the end of 19G8 the 
disease had not been reported, nor was it known to exist there, by members 
of the department. In 1910 there were only two infected localities known 
between Masulipatam and the infected area in Narasapur and Tanuku Taluqs 
adjacent to the main infected area in Godavari District, viz., Gudivada near 
the former area and Kaikalur near the latter. Hence I was inclined to think 
that the disease had been carried to Masulipatam by sea by human agency, 
which of course was quite possible. Subsequent information got by the 

^Butler, E. J. Agri. Joitr. India, Vol. I, pi, XX, i). 305. 

® Butler, E. J. he. opposite p. 221. 
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Speciul Deputy Collector and Talisildar, by one of my assistants and myself 
in extensive tours have led me to think that this explanation is unnecessary 
and that the disease could have travelled overland from the Godavari ai'ca. 
Granted that Kistna was infected earlier than was at first thought., and this 
seems very likely, the overland extension is quite feasible and in conformity 
with the facts of the then better Imown extension northwards in Godavari. 
The boundaries of the infected area about the end of 1912 enclosed a total 
area of about 4,000 square miles and, with the exception of two small extensions 
along the coast at the extreme ends, comprise the limits of the infected area. 
Beyond the railway line from Rajamundry to Samalkota and Cocanada the 
land is not irrigated but is upland dry land of a slightly undulating nature. 
Here the extension has been slow and the disease has generally occurred in 
the shallow depressions. From quite early in the operations efforts have 
been made to banish it from this tract and with success. It is now confined 
to two small tracts near the railway line and one further up the coast. In 
one of the former round Rajamundry the disease is of long standing and is 
still intense. This has come about because the tree-owners there have all 
along been difficult to persuade to do anything or allow anything to be done, 
but the stimulus of the Pest Act will no doubt have the desired effect. The 
tract in Peddapur consists of two very small areas where very few diseased 
trees are found now. The tract along the coast in Tuni Division compiised 
parts of two villages in 1914 but later was found to extend to eight. It was 
outside the area patrolled and had the disease for some time before it was 
discovered, but work is being concentrated on it now. Beyond the railway 
line from Rajamundry to Bezwada the disease, so far as is known, has not 
appeared except in a few villages on the right banks of the Godavari river 
once believed to be free but now known to be still infected. It lias actually 
reached Bezwada and Ellore halfway between the two as an extension from 
the delta. The Kistna river is the boundary on the west side except for two 
small areas near Repalle and Ten ali which were discovered in 1920 beyond 
the patrolled area. They are now being dealt with thoroughly. 

(c) Intensity of the disease. The Kistna area was never so intensely 
infected as the Godavari one, with the exception of those parts el Tanuku 
and Narasapur Taluqs between the Narasapiir canal and the Vasishta branch 
of the river, and has been more amenable to treatment by the opej'ations. 
The disease is in several isolated areas and is nowhere severe except perhaps 
comparatively so in the river -side villages. Though not to the same ext,ent 
as in Kistna the disease has disappeared tlirougliont the Godavaii Distiict 
from many places where it once existed, and there are still five areas in which 
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it; is severe though nothing like to the same extent as formerly, viz., around 
Rajamundry, Mundapeta, Ka,rapa, Vemavaram and Kottapeta. In general 
the disease lias been pushed out and kept out of the uplands around the deltas 
except to a short distance on the banks of the Godavai-i river and in two 
other small areas, while in the deltas it has been thinned out especially towards 
the Kistna side and reduced in intensity. 

(d) The Cost The total expenditure in connection with the operations 
from 1906 to 1921 has been in round figures three lakhs of rupees or £20., 000, 

Results of the operations. 

As in every fight again, st a disease it is well nigh impossible to malm a 
complete estimate in figures of the good that has accrued, for be.sides the 
definite aritlunetical value that can be put upon the individuals that ha ve been 
cured, there remains the value of those that have escaped taking the infection 
because of the protection given them through the preventive meavsures, and 
any estimate of this value is moro or less speculative. The capital cost of 
a palmyra in the deltas is about two rupee.s on the average. Tlie benefits 
of the operations may be stated under four heads, (a) The value of the palms 
that have been cured, taking the number as a cou.servative estimate at 90 
per cent, of 231,631 “inwardly” and “'outwardly” infected palm, s operated 
on, is 417,000 rupees. (6) In 1907 and 1908 the number of dead palms cut 
includes the accumulation of several years, but in 1909 the bulk of the old 
,standing cases had been removed and the operations would have Lad some 
little effect in reducing the yearly number of dead palms, so 100,000 may be 
taken a.s repre,senting the maximum intensity of the di,sease in 1908. Now 
if the disease had continued ,steadily at that intensity then in the 15 years 
of the operations 1,500,000 palms would have died. But during that time 
758,000 died,^ so it can be said with confidence that 742,000 have been saved 
from infection and these represent a value of 1,484,000 rupees, (c) Again 
from the number of dead palms that were cut in 1907 and 1908 (398,000) 
it is clear that the intensity of the di,sease had been increasing rapidly since 
1890 when it was first noticed, and there was no reason against its going on 
as rapidly to increase in the next 13 years. Be, sides, from an analysis of the 
figures from June 1907 when the operations began to the end of 1908, together 
with the knowledge that an interval of three and a half years may elapse 
between the death of the growing-point and the withering of all the leaves of 

^ Dead trees cut— calculated accumulation, of dead trees in 1907 — 8 or 966,449 — 189,329= 

. 68 , 120 , 


a 
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the crown, and t]in,t the disease arose to epidemic dimensions from a defmii.e 
])laci'. in tlie Godavari delta about the year 1890, we can assume a simple 
])rofT]>(>,ssion in the rate of increase; then the figures for 
1908 would be 100,000 


1907 94,000 

1906 88,000 

1905 82,000 

and for I of 1904 38,000 


402,000 the total of which is very near the 
figure for those actually cut, viz., 398,000, At the same rate of progression 
for the next 13 years the figures for dead trees would be about 1,790,000 
multiplied by some factor comparable to 100,000, the number of dead tu’es 
in the beginning of the period of 13 years under consideration. 01 eoinx', 
the actual number is purely speculative, but it does show the nature' of tlu' 
proportions to which the disease was approaching. The prevention of ilu' 
disease in this case has a potential value that cannot be accurately estimated 
in money, (d) In conclusion, we can affirm definitely that the disease has 
been reduced from a gi’ave menace (100,000 in 1908) to a controllable factor 
(8,700 in 1921). 

Though the disease has been greatly reduced it is still dangerous and 
requires to be treated with caution. So many times has it been found, more 
especially in the earlier years, that when a village was put out of the sphere 
of operations after it had shown lU) diseased trees for one year, and sometimes 
too in later years, after an interval of tw'o or three years the disease appeared 
again, sometimes becanse of re-infection from outside but undoubtedly also 
from the appearance of a small number of cases in which the fungus had 
been developing slowly, consequently the disease bad appeared after a longer 
period than usual and had again started a nucleus of infection tliat spi'cad 
the disease to surrounding trees requiring the village to bo brought under 
the operations once more. Hence the operations under the Pest Act will 
have to be continued for some years longer (1) to reduce still further t.he 
amount of disease and (2) to deal thoroughly and expeditiously with tlu' 
three or four small outbreaks that have occurred beyond the hitlie.rto jiatrolled 
infected area. 

It was the influence the Collectors of the two districts and tlu'ir subordinate 
officers had wuth the people that made it possible for ihopo. irksonu^ op(U'ations 
to bo carried on, the members of the special staff being rcoiuitccl wholly firm 
the revenue branch of the district administration. Por years there was no 
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legal compulsion behind the staff and the on]}!- authoritative backing it had 
till 1919 was the order of the Collectors to the village officers to atteiul to 
this work, (Na.tiirally it was Government in the first instance that decreed 
the operations, provided the funds for the special staff, and decided on tlie 
contirmance of the “work. But I am referring just now only to the actual 
working of the operations in the districts.) The revenue inspectors could not 
legally compel anyone to cut diseased trees, nor had they the right to enter 
on anyone’s land and cut diseased trees. Everything had to be done with 
the acquiescence and the co-operation of the jjeople, and naturally it took 
a considerable time to get them to agree at first to allow the work of cutting 
to he carried on at Government expense and then gradually at their own 
expense, especially as for some years there was no very apparent good result 
and as they believed the disease to be the scourge of a malign deity which there 
was little use trying to escape. It reflects credit on the members of the staff 
that they did so much for so long without any person’s taking proceedings 
against them, and again that the people have been induced to carry on the 
work during the last two years under the Pest Act with only one prosecution. 
That the credit for carrying on the operations against this disease with the 
measure of success achieved is due to the special staff under the direction 
of the Collectors of the two districts is freely ackiiowdedged. The Agricultural 
Department’s activities consisted in elucidating the life-history of the fungus, 
devising and improving methods of combating the disease, and giving 
encouragement. 

Occurrence of bud-rot of the palmyra in other parts of India. 

One of the Special Tahsildars, wffio, wdien he was transferred from special 
duty on the palmyra disease operations in Godavari District, was pcsted to 
Bhadrachalam about 100 miles up the Godava,ri river, assured me that he 
had seen the disease among palmyras there. He knew the symptoms of this 
disease well and can hardly have been mistaken. The locality was difficult 
of access and I never had the opportunity of visiting it, nor did I manage to 
get specimens, so the observation was not confirmed. If it does exist there 
it suggests the interesting speculation that it may have come down the river 
and become epidejiiic in the delta after the completion of Sir Arthur Gott on’s 
great irrigation sclreme about 1854 had changed the delta and its envii'ons 
into double crop wet land, Even^ before the building of this irrigation 
system certain portions of the delta had been irrigated, but the area was small 

^ Gazetteer of the Godavari Districtf Chajyt&T IV, ■p. S5, 
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will Simply be a. case of time before it becomes scarce. Rveii so the operations 
would have been well worth the labour and expense in order to prolong the 
time of decline and allow the coconut palm to be planted in sufficient numbers 
to replace the palmyra in the economic life of the peojile. 

Outside the Godavari and Kistna area bud-rot in palmyra has been found 
in Peruvaje in South Kanara District on the West Coast and in Hooghly 
District of Bengal. Only a few cases were found in the former which is not 
far north of tlie area in Malabar where coconut palms are infected as will 
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assistant from Pusa and a member of tbe Department of Agi’iciiltiire of llengaL 
Tlio disease bavS affected palmyra palms only. It extends at its widest limits 
from Danlaini, ten miles north of Oalciitta, to Crangpiir near Dnidwun, a 
distance of 50 miles, and from near Dwarhata to Inclmra, a distance of 28 
miles, while the infected area is approximately 700 square miles. Palmyras,, 
however, are comparatively few in this region. Along with mango trees, 
bamboos and coconut palms they grow on the numerous slightly elevated 
pieces of land wbich are tbe village sites and between which stretch wide 
expanses of rice fields where j^almjcras do not occur on the raised boundaries 
between fields as they do in the Madras Presidency. Because of this dis- 
continuous distribution of palms within the area it is perhaps unlikely that 
the disease will spread so fast or so persistently as it has done in the soutli ; 
Nor is the palmyra so valuable a tree in the Hooghly District either for 
thatching or for fuel, and it is said to be but seldom tapped for toddy. Econo- 
mically the loss of palmyras is not thus of very much importance Avithin the 
area at present infected, but it is a matter fo-r consideration whether the 
damage would not be considerable were the disease to spread much or hecome 
epidemic. The number of dead trees is not biown as no measures have yet 
been taken to deal with the disease. Assuming that the fungus runs its 
course as it does in Godavari and Kistna Districts, then from the appearance 
of palmyras in such villages as Pandua and Gurup I think the disease has 
been present for at least five years, and the people say that deaths have taken 
place in greater numbers for about that period. Considering the area now 
known to be infected, it is, however, probable that the disease has been present 
for a much longer time. Soon after the disease was discovered here the Madras 
Department of Agriculture had the palms of the maritime villages of the 
districts north of the infected area of Godavari District examined for a distance 
of 240 miles to the frontier of Bihar and Orissa, but no diseased palms were 
found. There is thus no thought of the disease having spread nortlwards 
by land into Bengal from, the Godavari District. It is possible for it to have 
been carried by sea but the infected area is too large to get reliable information 
as to where it started. On the other hand, it is possible that the disease is 
endemic. Its presence was brought to notice by an officer who was closely 
connected with the disease in Madras Presidency, and it was till then unknoAvn 
to the Department of Agriculture though the fact that palmyras were dying 
in considerable numbers in this and other parts of the delta and its environs 
was known as early as 1912. This shows that the disease has hitheito 
caused no appreciable loss, and that the people are so accustomed to palmyras 
dying in small immbers as to pass it without comment. All this I'atlmj 
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indicates fcliat th(j disease Jias been present for a consideraI)](‘. time, ihaji tliat 
it is of recent iutrodixction, 

Oceurrence of bud-rot in the coconut palm, 
in Godavari and ivistjia IJistriets tin; iiiii-aber 4)i‘ (•(xeoiuit pidms, Cocoti 
nuoifera Liim., is few indeed compared with tliat of jKilmyras. lioutid Amala- 
pur and Ramaciiandrapur, however, they are increiisingnnd are ))eing plante.d 
in gardens of fair size. Very few cases of this disease, however, have ocemrod 
amongst them. In this area, compared with tiie 700,001) palmyras tliat have 
been found to bo diseased since January 1910, when I took over the post 
of Government Mycologist, Madras, not more than 200 coconut palms have 
become diseased. When the fungus is placed on the pale yellow soft sus- 
ceptible part of the bud of a, coconut jialm it peiieti-ates a,s readily as in a, 
palmyra. The relative freedom from disease, of this j>a,Im is not tiierefoiv 
due solely to resistance in the palm lint mainly to the stiaietnral elmrueter 
of the bud and to the tact tlia,t the palm is less handled tlian tJie jialiiiyra. 
The leaves of the coeonut palm grow out at an acute, angle to the imaginary 
upward prolongation of the stem, grmluaHy bend over ami ultimately hang 
down. Quite early as the loaf-base becomes graaliially exposed its protective 
covering becomes so thickened as to be only with dillieulty and usually not 
at all penetrable by the iinigus. Gii tJic other haiul, the leaf-base of the 
palmyra always remains in its original jiositioii, literally as a sluuilli, one to 
one-and-a-half or oven two feet long, and its protective covering does not 
thicken materially for many months, till it becomes exposed by the remrtvfil 
of the leaf-bases below it. Vrom the time a, coconut leaf jirotrudes lioju 
the bud and expands, to the time it is at I'igiit -angles to the stem and its leaf- 
base is non-infectible, a period of 10 months usually e-lapses ; whei'cas fimii 
the time a palmyra leaf ex})an(Is till the lead-base is exposed and is non- 
infectible, a period of three years may elapse. During these intervals and <jF 
coiu'sc for some time before when it is in the bud each leaf-base is inJ’eclible 
There is a stiffness about the palmyra with its more ligid trunk ami the bioud* 
simple lamiiim of its leaves that must cause the softer inner tissue of the jjarts 
of the bud to be momentaiily exposed as the crown sways in the sti'ong winds 
of the monsoon and so allow of the possibility of infection to rehdiveiy 
greater. The coconut palms in the deltas are seldom tapp(al for UnUly and 
are climbed only for harvesting the nuts and for removing the leaves 'for 
thatdung purposes and making mats. At neither time is tlie- bm! cut 
Palmyras, on the other hand, are frequently tapped and arc always prepared 
for this by cutting of the lower Icaf-bases to trim the tree ; the leaf-bases 
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arc also removed at short intervals for fuel and to some extent for fibre. Thus 
the palmyra is liandled more frequently and in such a manner as l)ot]i to 
expose it to infection and to cause infective material to be carried to it. 

Oecurreiice of bud-rot of the coconut palm in other parts of 
the Madras Presidency. 

Early in 1913 Mr, T. Bainbrigge Fletcher, then the Government Ento- 
m(jlogist of Coimbatore, brought to notice the occurrence of bud -rot in coconut 
palms in a village near the foot of the Tambarasseri ghat in Malabar District 
facing the West Coast of South India, and the cause was determined by Shaw 
and Siindararamani to be PhytopMhora pahiimra Butl. A special staff of 
revenue inspectors was organized to search for the disease in this part of the 
district to determine its extent and to have the diseased palms ojjcrated on 
or destroyed as was required. During the monsoon whicli was heavy in 
this locality they examined gardens and marked infected trees to bo dealt 
with in the ensuing dry weather. In the course of the work extending over 
two years the disease was found in 102 villages in seven taluqs. Calicut, 
Chirakkal and Kurumbranad had the greatest number of infected villages, 
viz., 44, 27 and 22 respectively, while Eriiad and Kottayam had 5 and 2 
respectively. In one village of Ponnani Taluq and another of Cochin a few 
diseased palms were found and these, as far as was discovered, were far away 
from the main infected area. The symptoms on coconut palms were similar 
to those on palmyras, viz., the dying of the central leaf and in succession 
those below it, the a|rpearance of characteristip rows of spots on the pinnse 
of the leaves and on successive leaf -bases and the rotting of the bud. As far 
as possible trees with either of the outward symptoms were dealt with but 
very great opposition was encountered to cutting those with rows of spots 
on the piniise. As far as the experience went, the coconut palm did not 
reco ver nearly so readily as the palmyra under similar drastic surgical treat- 
ment. The number of trees dealt with was as follows : — 

Half-year ending December 1913 877 palms cut. 

June 1914 1,680 „ „ 

December 1914 688 „ „ 

June 1915 1,183 „ „ 

Besides which, 75 that were located were dealt with by the ordinary 
revenue stall soon after. The total number was thus 4,503 in. about two 
years. The disease was very widely spread in that part of Malabar District 

^ Shaw, r. J. F. and Snndararaman, S. The Bud*rot of Coconut Palms in Malabar. 
/Irm. Vol. XII, pp. 261-262, 1914. 
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but was nowlicre intense. TIic fruit of this palm is so vaiiifible that it was 
practicaily i.tiipos.siWe to get the people to a])ply tlie systeni of (Ictailctl 
examination of palms giwiiig within fifty yards of the diHinised. ones as was 
done with the paJinyras in Godavari and Kistna Disfjiets. '.riio location <j| 
the disease and the small number of trees attacked seemed to indicate that 
the disease had been there for many years and that it was not increasing. 
The comparatively costly special, staff was accordingly disbanded and the 
work was entrusted to the ordinary revenue staff of the district. Illustrated 
leaflets in English and Malayalam wore distributed in large numbers describing 
in detail the symptoms of the disease and the remedial measures to be adopted. 
The revenue .stafl was also impressed with the necessity of giving early intima- 
tion of the disease becoming acute in any locality. Since then only a sniaii 
number of trees have been c-ut and nowhere has the disease become sev(;rc. 

The disease has also bce,n found on coconut palms at C'onjeeveram in 
Gliingleput District, at Gudiyatam in North Arcot, at Ernaeulani in Cochin 
State and at Alloppey in Tj-avaucore State. In all these places very few 
diseased trees were found (under fifty in any place). Conjeeveraiu and 
Gudiyatam are small isolated areas hundreds of miles from the other laiown 
infected areas. While of the extent of the disease in Cochin and Travuncore 
States the wiiter has no information. The fact that the disease exists without 
doing much damage over a considerable range of the West Coast where there 
is a continuous belt of coconut palms from south to nortJi seems to indicate 
that it is endemic in South India. This disease was also found on young 
coconut palms in a garden in the town of Madras. The garden owner had 
himself brought the seedlings from a, village within the infected area in Malabar 
and planted them in his garden. Fortunately when tlie disease apjreared ho 
asked advice from the Agricultural Department, It was at once diagnosed 
and all the palms were destroyed. Neither before nor since lias the diseast' 
appeared in the vicinity of Madras. This is a. proved in. stance of tlu' di.H-asc 
having been carried for a distance, of four hundred miles by human agenc}'. 

Spread of the disease. 

So far as has been demonstrated the fungus is carried fritni tree to tree 
by means of tappers, and rhinoceros beetles, Oryctea rhinoceros Limn The 
rhinoceros beetle is the commonest of the insects that visit the palmyra. 
The adult beetle alone is found in living crowns boring iido the stalks and 
lamina3 of the younger leaves near the apex of the crown and feeding o.n tie; 
tender tissue. The earlier stages, egg, grub and pu)ja, are nuit with o.i)Iy iji 
dead and rotting crowns and in rotting stems anti, of conise, also in ga.i'bagc 
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eJsewiiere. Tiic habits of the beetle are thus such that it could be a carrier 
of the disease from palm to palm. Besides it is also likely that diiriug the 
monsoon the spores are splashed from the spots on an expanding leaf to 
surrounding palms. The transference of spores and mycelium of tlic fungus 
from an infected tree to a healthy one has been made by means of a jJatinum 
needle, a scalpel, the leg of a rhinoceros beetle, the finger and a tapper’s knife, 
and trees have become infected in all cases. 

In ordinary conditions the tapxjer’s knife is one of the chief means of 
spreading the disease. When he cuts a tree in any stage of disease cither 
during the operations or in the course of his business he is likely to get the 
fungus on his knife or his hands and to leave it on an infectible part of the 
next tree he climbs. Tliis has been done in many villages while demonstrating 
to the assembled tree-owners that the disease could be sju’ead in this way. 
The tapper inserted his knife into a spot on a leaf-base and then drove his 
knife a few leaf-bases deep into a crown or cut off some leaf -bases. The tree 
was marked and was not climbed till our next visit. Invariably the jjalm 
had produced the characteristic spots on the leaf-bases a few months afterwards 
when it was examined in the jjresence of the villagers. For examxde, one 
l^almyra was pierced in two places. When examined the leaf-bases were 
found to be diseased as follows : — counting from below upwards leaf-bases 
Nos. 1 to 4 were free, 5 had a spot on the inside of one limb, 0 had a knife-cut 
and a spot surrounding it, 7 to ] 5 had .sjjots, 16, 17 and 19 had knife-cuts 
one within the other and from them had started a new set of spots that 
increased rapndly in size to the 26th and 27th leaf-bases where the sxDots were 
from three to four inches in diameter, 28 had a smaller sjiot and 29 had a 
small spot on its outer surface, while 30 to 33 had no spots. After thus 
removing the leaf-bases for examination the tree recovered and was healthy 
for the next three years. In recognition of this tappers were taught to 
sterilize their knives after cutting a diseased palmyra either by passing the 
knife through the flame of the burning crown or by rubbing it well with dry 
earth, and during the detailed examination of trees growing round diseased 
ones the tajiirers. under the supervision of the revenue inspectors, W'eie trained 
to flame their Icnives or to j)lace them for a minute in hot water. 

In July 1 91 1 the crowns of five young palms were enclosed in cages made 
of fine wire mesh. A rhinoceros beetle was caught and made to crawl 
over a culture of the fungus that was discharging zcosjrores. It was 
found on examination that it had a coirsiderable amount (jf mycelium and 
sporangia as well as zoospores on its under surface. It was ^rJaced on the 
crowrr of one of the palmyras in the cage. This was repeated with other 
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beetles on otber tliroe palms. Tlie same was done with two pairs of palm 
we(ivi]ri which Avere placed on the crown of the fifth palmyra. None of them 
made any attempt to bore but crawled up and down the cage till they died. 
Tlu'. experiment was repeated : only this time a part of a. leaf-sliealh wilh 
a pale yellow loAver part was removed from each palm and the beetle imprisoneal 
in its place. More weevils were not available at the time. At the end {)f 
September the five palms were examined. The fungus had developed in four 
but not in the fifth. From two to eight leaf-sheaths were penetrated. Three 
of the weevils Averc recovered dead in the position in which they AA^ere placuul 
while tAvo had disappeared, 'llxc diseased leaf-sheaths and four more were 
removetl and trees were alive and healthy several years afterwards. The 
cages wore reinoved and placed on five other palmyras and the experiment 
Avith rhinoceros beetles repeated Avith similar results except that all fm* 
1)30 11113 infected. The tliseased leaf-bases were comiilctely removed and those' 
hve I'emuined free frojn disease afterAvards, It was done in a field in Avliich 
diseased ]>almyi'a,s had never occurred, and I did not Avish tlie palms to die. 
lest the people Avonld be a,mi()ycd and disagreeable with regard to tlic ojiera- 
tions, hence the disease was rennived from them in order that the};' might 
not die. The fact that I Avaiited to demonstrate was Avhether an infected 
rhinoceros beetle could carry the disease to a healthy palm and it Avas dune. 
Beetles have been caught and exaniinc<l several times but only once has the 
fungus been cultivated from one. The beetle exists in considerable numbers 
and many palms arc bored, so I believe it plays an appreciabh^ part in the. 
dissemination of the disease. 

The iv.d palm weevil, RhyncJiophrriit! ferniginem Oliv., found on the 
palmyra but more cojiimon on the A\ild date palm, passes all its stages on tin' 
palm. It is generally believed that the. Aveevil attack follows that of the 
beetle, the holes ina<le l)y the. latter offering favourable spots for tin', Aveevil 
to lay eggs in. I have found it seldom and then on young palmyras only 
when, after the leaf-bases liave been cut, they began to bleed a sAveet juice. 
Its numbers and habits thu,? lead one to believe it plays an insignificant part, 
if any, in spreading the disease. 

Tile disease travels slowly though persistently and the three means of 
disseiiiination discussed, namely, tappers, rliiiioceros beetles and rain s])]asbing 
on the expanding infected leaves, together with occasional long tlistance 
tran 8 ];)ort by human agency seem sufficient to account for the facts. 
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Series A was carried out with tlxe fungus taken direct from the palm and 
pure as tested by the microscope, wliile series B was done with pure cultures 
of the fungus. 

A. The crorm of a palmyi’a in wdiich the central leaf W’'as becoming pale 
was cut off in Rajabhupalapatnam in the moining of 17th July 1910 and 
brought to Samalkota in the afternoon. The outer leaf-slicalhs were removed 
till clean young sjxots w^erc exposed on the inner leaf-, sheaths, and several 
of the spots were cut out and placed in a moist chamber. Next morning 
the spots had a copious growth of mycelium on their surfaces. Small pieces 
of aerial mycelium w^ere examined microscopically both before and after 
producing sporangia anti airpeared tt> be a pure growth. When the material 
was placed on a glass slide and irrigated the numerouvs sporangia bur.st and 
within an hour most of them had discharged their zoo, spores. This rvas the 
material used for inoculating palms Nos. 1 to 14. The w'ater from such 
cultures was carefully washed into a wuitch glass and a drop used for Nos. 15 
to 17. Young palms, the visible part of whose trunks varied from three to 
twelve feet in height, were selected in a field in Bhiniavaram near Samalkota, 
the only criterion of choice being that tliey were small enough to be operated 
on from the ground or from a ta,pper’s short ladder. The outernrost dry 
leaf-sheaths were removed and the inner partially dry ones had the attachment 
of one limb to the stem severed, while the attachment of the other remained 
intact. Usually three or four leaf-bases were treated, thus giving access to 
the pale yellow living leaf-sheaths within. These half attached leaf-sheaths 
were held aside, the inoculating material placed on the outer side of the first 
( 57 ) 
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luifiut l( 3 af-shoa,tIi, and the half-attached leaf-slicatlis replaced. A cord of 
fibre AvavS tied roiuid to keep the leaf -she athf? in position. In a Icav cases a 
fold or tAvo of the fibrous nubterial of the loaf-slicath was AVTa])ped round 
and Avetted but, as a matter of fact, in the result tliis made no dilTerent'O. 
All the operations were done to one’ palm before proceeding to the next. The 
surfaces of the neAvl/ exposed leaf-sheaths on which the inoculating material 
was placed were not sterilized. But as the leaf-sheaths fit closely together 
and wei ‘0 exposed for only a few seconds, it is probable that they did not 
have any of the inoculating organism. The palms greAv in a place in Avhich 
it was known that diseased trees had not occnired within a radius of three, 
miles. Spots from the inner leaf-sheaths of all of the palms that became 
infected developed, when incubated, aerial mycelium, sporangia and ZFmspoies 
identical with those from the original palm. Seventeen palms were inoculated 
and all became infected. Three of them died but tAvo had palm weevils in 
them so are <loubtful. Tliese tAvo had exhuded a sweet juice from the stem 
where the limbs of the leaf-sheaths had been cut and so attracted the Aveevils. 
Seven controls did not become infected. All the diseased tissue as well as 
one or two more leaf-sheaths was removed from the palms in making the 
observation. Subsequently no diseased palm appeared in the field up to 
1920. 

Nos. 18 to 32 were done at ItamiJudi, and Nos. 33 to 60 at Kottapeta, 
both of wliich were severely infected villages. The infective material was 
similar and the method was also in most cases similar. A sterilized tapper’s 
knife Avas sometimes used to place the fungus on the palm as a demonstration 
to the villagers. Sometimes the point of the knife which is blunt was laid 
against the leaf-sheath, at others the knife was driven into the crown for one 
or two inches. In a number of cases the limbs of tlie lower leaf -sheaths were 
not cut to get access to the inner ones but they were pulled down siifSciently 
far. No. 51 Avas a coconut palm done on the Samalkota Farm and described 
in Experiment III on page 07. Table IV gives a summary of the salient 
features of the inoculations. Of fifty palmyras inoculated, fdrty-eight became 
infected, of wliich seven died and tAvo others that died had palm Aveevils in 
them. None of the nineteen controls developed symptoms of disease. The 
only coconut palm inoculated at this time also died. All the symptoms of 
disease seen in the field were reproduced, m., the death of the central leaf 
or group of leaves, the central leaf or group of leaves could be pulled out 
easily and had a discolouration and rot at their tom ends, spots on the leaf- 
sheaths, roAvs of spots on the laminae of the leaves, and a rot of the bud v/hich 
in advanced cases was stinking. • 
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Table IV- contd. 






INOCULATION EXPERIMENTS WITH PHYTOPHTMORA 


' A few examples may be given in detail. 

No. S4, The four central leaves bad become yellow. 

Tlie outer covering leaf-sheatbs had 

(1) four spots (3 X 2 in.), (1| X 1 in.), I in. and in. 

(2) two spots (5x4 in.), in. and ^ in. 

Leaf-sheaths inwards from the inoculated place 

(1) the inoculated spot was (5X2 in.), and an adjacent spot 

(IXfin.) 

(2) one spot (3x2 in.), and two lower down (| X f in.), and 

(iX|in.) 

(3) one spot (2| X 2 in.) 

(4) two spots (2 1 X 1 in.), and (1 X 1 in.) 

(5) one spot (4 X 1 in.) 

(6) one spot (3-| X 2|- in.), a little below the level of that on 5. 

(7) one spot (4 X 3 in.) 

(8) two spots (1 X 1 in.), and (1 X 1 in.) 

(9) two spots (1 X 1 in.), and (1 X 1 in.), one had a good web of 

mycelium. 

These were at the insertion of the leaf-sheath and the tissue of the stem 
was discoloured and softer, but the leaves still within the bud were not 
discoloured. 

No. 10. The three central leaves had become yellow. 

The penetration of the leaf -sheaths was much the same as in No. 34, the 
discolouration and softening had extended into the bud leaves as well as being 
in the stem tissue. ; 

No. 14. The infective material had been placed in the axil of the leaf. 
At the time of observation there was no outward symptom of disease. Two 
leaves townirds the inside were penetrated and the soft tissue of the stem was 
discoloured and softened at some distance below the growing-point. Sections 
showed the presence of the fungus in the stem tissue and tm incubating a 
piece mycelium and sporangia were produced. Cases of this kind have been 
found in nature and this is probably the reason for the occasional death of 
leaves lower than the central leaf as the fii'st symptom. 

No. 13. A thin slice of tissue with mycelium and sporangia was hold 
on the upper part of the leaf -sheath and a fine jet of water played on it. At 
the time of observation there were no outward symptoms of disease. On the 
inoculated leaf were several spots at various heights penetrating through a 
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number of leaf-sbeatbs varying from two to nine in any one line. Tbe fibre 
of tbe nintli leaf-sbeath was discoloured and from the part of tbe discoloured 
area but not in line with any other line of spots a series of spots penetrated to 
tbe central expanding leaf going through its petiole. 

No. 38 is typical of the others. Spots were found on one leaf-sheath 
towards the outside and on eight towards the bud in line. Tlie spot on the 
outer leaf-sheath was 5x2 inches. 

No. 1 had one spot 5x4 inches. 

» 2 „ „ 3X2 „ 

» 3 „ „ „ 1 X 1 „ 

„ 4 „ „ „ l-|Xl „ 

,, 5 bad three spots 1 X|, 1 Xl and f X-| adjacent to one another and 
one spot on the edge of tbe other limb almost touching the 
others. 

„ 6 bad one spot 2-|xl inches. 

7 „ „ „ Tx -i „ 

» 8 „ „ „ |x i „ 

„ 9 was clean and free from spots. 

The eleventh leaf -sheath enclosed the bud and its lamina was the topmost 
expanding leaf. The spots on Nos. 5 and 6 had a felt of mycelium. 

B. The palmyra and coconut palms used for inoculation had 
been exposed previously to infection from the fungus. They w^ere grown 
Coimbatore which was fifty miles from the nearest infected area in Malabar 
District and was separated from it by a range of forest-clad bills running up 
to 5,000 feet. Tbe trunk was measured from the ground level to the insertion 
of tbe lowest leaf-sheath of the crown and represents the visible part of tbe 
trunk. The cultures were made by plating aerial mycelium that had copious 
sporangia from a spot on a leaf-sbeatb and each culture was from a single 
sporangium. Tbe controls were treated in exactly tbe same way as the 
inoculated palms except that no fungus was placed on them. The infective 
material for tbe inoculations was usually a small piece of mycelium from 
subculture producing sporangia copiously and it was transferred by a platinum 
needle. The point of inoculation was usually recorded by a grease-pencil 
mark. Tbe date given for tbe observation of tbe first symptom in Table V, 
is that on wliicb the symptom was immistakable. 
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Table V. 

InoGulalion experiments with Phytophthora palmivora Bull. 


Experimmt 1 

Palmyra to palmyra 
Trunks 2 to 8 ft. high 
Date of inoculation, Gth 
December 1913 


JSxperhMiit II 

Palmyra to jialmyra 
Trunks up to 4 ft. high 
Date of inoculation, 29fch 
July 1914 


Expariment III 

Palmyra to coconut palm 
21 years old 

Date of Inoculation, 27th 
July 1914 


Trunk 8 ft. high 25th August 
1910 


palm 


1 

2 

3 

4 

5 

6 

7 

8 
10 

9 

11 to 18 


9X 
10 X 
llX 
12X 
13X 
14 X 
15X 
16X 
Il7xto20x 


31 

32 

33 

34 
36 


30 

40 

41-46 


Part of the 
palm 

inoculated 


Leaf-sheath 

Do, 

Do. 

Do. 

Do, 

Central leaf 
Do. 

Do. 

Do. 

Controls 

Do. 


Central leaf 
Do. 

Do. 

Do. 

Do, 

D(j. 

Do. 

Do. 

Controls 


Central leaf 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Controls 


Leaf-sheath 22-11-10 


Date of 
observing 
first 

symptoms 


21-12-13 
21-12-13 
21-12-13 
21-12-13 
21-12-13 
21-12-13 
9- 1-14 

26-12-13 


8-14 

8-14 

8-14 


Interval 

of 

days 


15- R-14 
15- 8-14 , 
6- 8-14 ' 
15- 8-14 
15- 8-14 

15-’8-14 
15- 8-14 


15 

15 

15 

15 

15 

15 

34 


15 

13 

13 


19 

19 

10 

19 

19 

io 

19 


This is a coconut palm No. 51 of Table IV. 


First 

jsymptom 


R 

R 

C 

R 

1 + P 

R 

R 


R = Row of spots on the expanding lamina. 
0 = Central leaf drying. 

S S3 Spot on the leaf -sheath. 

P = Spot on the petiole. 

L = 3rd, 4th, 5th leaves drying. 
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Table Y-^ contd. 


inoculated dajn 


Palmyra to coconut palm 
2|- years old 

Bate of inoculation, 16th 
August 1914 


Coconut palm to coconut 
palm 

8 years old 

Date of inoculation, 5th 
December 1913 


Leaf-sheath 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

I Do. 

Do. 


Control 
Leaf -sheath 

Do. 3-1-14 

Do. 21-1-14 

Do. 4-4-14 

Do. 

Central leaf 21-12-13 
Do. 21-12-13 

Do. 21-12-13 

Control 


or 

days 


Dead 

symptom 

25 

+ 

+ 

0 

41 

+ 

+ 

G 

26 

+ 

+ 

0 

22 

+ 

+ 

0 

45 

+ 

+ 

C 

33 

+ 

+ 

C 

26 

+ 

+ , 

0 


Experime7it VI 

19 

Central leaf 

12-8-14 

16 

+ 

+ 


20 

Do. 

15-8-14 

19 

+ 

+ 

Coconut palm to coconut 

21 

Do. 

15-8-14 

19 

H- 

4- 

palm 

22 

Do. 





1 J years old 

23 

Leaf -sheath 

15-8-14 

19 

+ 

+ 

Date of inoculation, 27th 

24 

Do. 

15-8-14 

19 

+ 

4 - 

July 1914 

26 

Do. 

17-9-14 

62 

+ 

+ 

27 

Central leaf 

15-8-14 

19 

+ 


28 

Do. 

17-9-14 



+ 


30 

Petiole 

15-8-14 

19 




29 

Controls 






43-45 

Do. 



_ 


Experiment VII 

1 

Central leaf 

4-9-14 

38 

+ 

+ 


2 

Do. 




Coconut palm to palmyra 

3 

Ijcaf -sheath 

3^^14 

'h 

"f- 

+ 

tranks 2-4 ft. high 

4 

Do. 

10-8-14 

13 

+ 

4- 

Date of inoculation, 28th 

5 

Do. 

5-8-14 

8 

+ 


July 1914 

6 

Central leaf 

4-9-14 

38 

+ 

+ 

7 

Do. 

4-8-14 

7 


( 4 - 


8 

Do. 

20-8-14 

23 

+ 

■+ 


9-12 

Controls 






jj = Row of spots on the expanding lamina. 
O = Central leaf drying. 

S == Spot on the leaf -sheath. 

P = Spot on the petiole. 

L = 3rd, 4th 5th, leaves drying. 
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Experiment 1. The culture was got from a palmyra in Giirusanapalli, 
CJocaiiada Taluq, on 20th Novemher 1913 on quaker oat agar. For all except 
No. 10 the second subculture on quaker oat agar was used and for it th<^ 
second subculture on French bean agar. The trunks of the palms wi'.rc from 
two to eight feet high. In Nos. 1 to 6 where the leaf-base was inoculated 
the infective material was placed on the unwounded pale yellow surface of 
that part of the leaf-base which lay within the bud and which was exposed 
sufficiently by carefully but firmly pressing the leaf-bases apart. In Nos. 7, 
8 and 10 the fungus was placed within the folds of an unexpanded leaf. 
Fifteen days after inoculation the central leaf was drying in Nos. 1 to 6 and 
the lower leaves gradually died in succession, and on 5th January 1914 tliey 
were dissected. Tire central leaf or leaves could be pulled out of tlu; crown 
easily and their lower ends were rotting. Leaf-bases had the characteristaci 
spots and some were also rotting. Tlie tissue of the stem in the region of the 
growing-point instead of being of a pale cream colour was brown, soft and 
rotting. The fungus was present in the leaf spots and in the stem tissue {in d 
pure cultures were made from leaf-bases whose position was not nearer than 
the second within the inoculated leaf -base. In Nos. 7, 8 and 30 a, fold of tlie 
unexpanded central leaf was inoculated. In Nos. 7 and 10 a row of spots 
was produced at the point of inoculation and tlie central leaves of No. 7 died. 
These two palms were dissected on 28th January 3 914 and 6th January 1914 
respectively and showed bnd-rot. No. 8 did not become infected by 30tli 
April 1914, nor did any of the nine controls. 

Ex'periment IL The culture was got as in expereinent I but on French 
bean agar. The third subculture on French bean agar was used. The trunks 
varied up to four feet in height. In Ncs. 9 to 12 the infective material was 
placed within tlie fold of the unexpanded central leaf and in Nos. 9 and 12 a 
small plug of wet cotton wool was inserted between the folds a little above the 
point of inoculation. A row of spots was formed on the expanding leaf in 
Nos. 10 and 12. As the leaf expanded the spots dried up and no other part 
of the palms became infected. Nos. 9 and 11 did not become infected. In 
Nos. 13 and 14 the infective material was placed between the central leaf 
which was just protruding from the hud and the expanding leaf, and in the 
latter a plug of wet cotton wool was placed. The central leaf in both palms 
produced a row of spots and the central group of leaves in both dried. On 
29th August 1914 they were dissected and' had bud -rot. In Nos. 16 and 16 
the infective material was placed between the central leaf which was (ix])a.iiding 
and the next one and a plug of wet cotton wool wiis placed just {diove in 
the former. Forty-three days afterwards the central leaf of No. 16 dried 



and other tliree leaves dried within three days. On dissection the palm 
showed bud-rot. No. 16 did not become infected, nor did the controls up 
to December 1914. In these two experiments P. palmivora Butl. produced 
in palmyras the characteristic spots on the leaf-base and on the lamina and 
after the fungus had reached the delicate tissue on the apex of the stem a 
bud-rot set in. 

Experiment III. The culture was the same as for experiment II and the 
third subculture was also used. The palms were two-and-a-half years old. In 
Nos. 32, 33 and 39 the infective material was placed within the folds of an 
unexpanded leaf. In Nos. 31, 34, 37, 38 and 40 it was placed on the outside 
of the unexj)anded leaf. In No, 35 it was washed down into the bud and 
in No. 3G it was placed between two petioles. In ten days the central leaf 
of No. 33 was drying and in nine days more three leaves outside it were dried. 
On dissection the palm showed bud-rot. In nineteen days No. 32 had a rOw 
of spots extending almost across the lamina. Nos. 31 and 34 had a row 
through three double segments of the folded lamina, No. 37 across half the 
breadth of the lamina and No. 38 across two-thirds, while No. 39 did not 
become infected. No. 35 had spots on the leaf-base of the expanding leaf 
and on two leaf-stalks while No. 36 did not become infected. The central 
leaf of Nos. 31, 32, 34, 37 and 38 had grown out into the air and was expanded. 
The spots dried up and produced no external mycelium though pieces placed 
in a moist chamber did. A coconut palm whose trunk was six feet high 
was inoculated on the Samalkota Farm on 25th August 1910 and dissected 
on 22nd November 1910. The inoculative material was aerial mycelium 
b 3 aring sporangia from the leaf-sheath of a palmyra and was not an artificial 
culture. The central group of leaves was dead and was pulled out easily 
showing a soft rot at the torn ends ; the leaf-bases had the characteristic 
spots ; the leaf-bases, bud leaves, and the upper soft part of the stem were 
involved in a rot that had a nauseous smell, symptoms typical of the disease 
in the field. Other three palms iir the group were unaffected and were still 
healthy years afterwards. 

Experiment IV. The culture was the same as for experiment IT, and the third 
subculture was used. The palms were two-and-a-lialf years old. The infective 
material was ])laced on the leaf-base of the second leaf in Nos. 21, 22, 34 and 

35 of the third in Nos. 20, 23, 24 and 25, of the fourth in Nos. 27, 30, 32, 

36 and 37, and of the sixth in No. 31, while in No. 38 it was placed on an injured 
place at the base of the crowrr. Tire central leaf t)f alt but six of them dried 
at various dates iirdicated in Table V. The central leaf of No. 20 was dry 
after twenty-five days and five more leaves were dead eight days after : that 
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of No. 22 was dry after twenty-two days and three days after two more were 
dried. Tiie others were similar. Once the central leaf had died tlu'. olhers 
below it died within a few days. They were all dissected and had bnd-rot. 
Six did not b(‘.come infected and the six controls remained he.altliy. In these 
two experiments P. 'palmivora Butl. from the palmyra produced in eoeonut 
palms the spots on the leaf -sheath and on the pinnae, and after the fungus had 
reached the delicate tissue of the stem a bud -rot set in. 

Experimmt V. Cultures on Kench bean agar and on quaker oat agar 
were got from a coconut palm in Kurumathur in Malabar District on 1 4th 
November 1913. For Nos. 2 to 7 the first subculture on quaker oat agar 
was used and for Nos. 8 and 9 that on French beau agar. The palms were 
eight years old. The infective material was placed on the leaf-base in Nos. 2 
to G and on the fold of the unexpanded leaf in Nos. 7 to 9 on 5th December 
1913. On 3rd January 1914, twenty-nine days after inoculation, the central 
leaf of No. 3 was pale and came out when pulled lightly, on 31st January 
1914 the next leaf was drying, on 26th February 1914 two more leaves were 
drying, but by 4th April 1914 no more leaves were dead and the palm was 
dissected. On 21st January 1914, forty-seven days after inoculation, the 
central leaf of No. 4 was pale, on 31st January 1914 the next two leaves w^ere 
drying, on 14th February 1914 two more leaves were dried and the shoot 
had fallen over and was hanging down. On 26th February 1914 there was 
no further change and the palm was dissected. On 4th April 1914 there 
were no symptoms of disease on No. 6 so the palm was opened up. The 
leaf-base inoculated had a spot three inches in diameter extending to three- 
quarters of its thickness while the fi.brous portion of the leaf-base next within 
had several small spots on a discoloured area four inches in diameter. Nos. 3 
and 4 had spots on the leaf-bases and the bud was rotten. Nos. 7, 8 and 9 
each had a row of spots extending over several segments sixteen days after 
inoculation and the last hab mycelium with sporangia on the surfaces of the 
spots. By 26th February 1914 two more rows of spots had developed on 
Nos. 7 and 9 and three on No. 8. On 4th April 1914 the diseased tissue was 
removed from Nos. 5, 7, 8 and 9. Nos. 2 and 6 were examined but had not 
become infected. The two controls were healthy and all but the two that 
were destroyed were healthy in July 1922. ’ 

Experiment VI. The culture was the same as for Experiment V on 
French bean agar and the third subculture was used. The palms wore onc- 
and-a-half years old. Nos. 19, 20, 22 and 27 were inoculated on the central 
unexpanded leaf, Nos. 21 and 28 on the under surface, No. 30 bet^veen the 
first and second petioles, No. 26 on the third leaf-base and Nos. 23 and 24 
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on the fourth. JSTos. 19, 20, 21, 27 and 28 each X)roduced a row of spots on 
the pinnae of the central leaf, and two months after inoculation Nos. 19, 20, 
21 and 28 were dead. No. 30 had a spot on each of the two petioles but the 
spot came through to the other side of each petiole as a discolouration only 
and no further symptoms appeared. In Nos. 24 and 26 the centeal leaf 
dried first, one early, the other later, and the other leaves in quick succession 
and both palms died. The first symptom on No. 23 was the presence of two 
rows of spots on the central expanding leaf, one extending from the midrib 
to the edge, and the other foom the midrib almost to the edge but half an inch 
below the level of the other row. This was unexpected as the infective 
material had been placed between the fourth and fifth leaf. The palm was 
dead on 30th September 1914. No. 22 did not become infected and the five 
controls were healthy at the end of December 1914. The dead palms all 
had a soft rot which had gone so far that the leaf-bases were brown, soft and 
rotten, so that the spots were not distinctly difieientiated. In these two 
experiments P. pdmkora Butl. from a coconut palm produced in coconut 
palms spots on the leaf-sheaths and the piiiiuB and after the fungus penetrated 
the bud a bud-rot set in. 

Experiment VIL The culture was the same as in Experiment V on 
French bean agar and the third subculture was used. The palms had trunks 
from two to four feet high. The infective material, a minute piece of agar 
with mycelium and sporangia, was placed in Nos. 1, 2, 6, 7 and 8 between 
the protruding leaf and the expanding leaf, in Nos. 3 and 4 between the third 
and fourth leaf and in No. 5 between the sixth and the seventh leaf. No. 2 
did not take the infection within the five months of observation, The others 
showed the drying of the central leaf as the first symptom except No. 3 where 
the first symptom was the drying of the third, fourth and fifth leaves almost 
simultaneously. No. 4 had three leaves dried and No. 3 twelve on 13th 
August 1914, sixteen days after inoculation, while No. 1 had six and No. 6 
eight on 17th September 1914, fifty-one days after inoculation. The centra] 
leaf was pulled out easily, spots were found one after the other in line, and 
the bud had a soft stinking rot. In No. 5 sixteen days after inoculation 
the three uppermost expanded leaves were drying, the central leaf had a 
spot on its petiole, five leaf-bases had spots and the soft part of the tissue 
of the stem had a soft rot but it had not actually involved the growing-point 
though it had come within half an inch of it. In No. 7 on 27th August 1914 
two leaves were dried up, spots were present in line on the folded leaf, the 
petiole of the expanding leaf and on the leaf -bases of the next two leaves. 
There was also a spot on the folded leaf two inches below the point of inoculation 
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and the r(3gion of the growing-point was rotting. In No. 8 on 20tli 
August low the central leaf was drying, seven days later llic ])to 1 ruding 
leaf eaine away on pulling lightly and its base wuis discoloiirc'd and rotten. 
It was dissected and the region of the growdng-point was rotting as well as 
the leaf-bases of the next three leaves, The four controls lannained ht'altliy 
tin the end of December 1914. This experiment shows that P, pahwirom 
from a coconut palm will infect the palmyra and tluit after it has invaded 
the soft tissue on the apex of the stem a bud-rot ensues. 

In those experiments care was taken to incubate sufficient mateiial 
from each expoiiment to make sure the fungus w^as present and to get it into 
culture again for comparison. Sections wore also taken in all cases to 
demonstrate the presence of the fungus within the respective tissues. 

Butler proved that Phytojj/ithora pahmrora -WinM infect! he living lea, ves 
of the palmyra, while Shaw and Sunda.rarama,n ])roved that it w(uild infect 
living leaves of the coconut palm and kill seedliugs. These experiments 
confirm and amplify those of Butler, fSluiw and Sumlaraiaman, definitely show 
that P. j;«b/?/iwora\vill lead to the death of both the palmyra and (he coconut 
palm, that it can pass from one to the other palm and that all the syin])iemK 
of bud-rot have been re-prodiiccd in botli palms as a result of infection by 
this fungus. When the fungus •j)enctTates the soft tissue of tlu'. stem lielow 
the growing-point the tissiu^ is killed and a rot ensues. Other organisms 
then begin to work and cany on the rot at a greater latc than the fungus 
does till the whole central ])art of the crown is involved, Ihat the fungus 
is the primary cause, (d the rot and the controlling faetor in the epidemic 
form in South India is all that is claimed. From the economic point of view 
these other organisms are of secondaiy importance and have not been worked 
out. These results meet completely the cidticism of Sharpies and lambouintd 
regarding the cause of bud-i’ot of palms in India. 

^ Sliarplcs and Lambonrno. ()b.servaliou in Malay on Bud-rot of Coconuts. Ann. IM 
Vol, XXXVI, pp. 64 — 69, 1922. 
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i- HISTORY OF A CROSS BETWEEN GOSSIPIUM HERBAGEUM 

mi) GOSSYPIVII NEGLEGTVM 



G. L. KOTTUR, M.Ag., 

Gotton Breeder, Southern Maratha Country, Bombay Presidency. ii 

[ Received for publication on 1st November, 1922.] i 

I. INTRODUCTION. ,| 

Attempts to increase the value of the cotton plant grown in India I 

or the value of the cotton produced, by means of the crossing of different ; 

species dr different varieties of the cotton plant, date almost from the beginning ;| 

of serious work on cotton improvement in the early years of the present i! 

century. And it is natural that this should have been a favourite way of | 

tackling the problem, for there are such a large number of species grown in | 

India, each with its special advantages and disadvantages, that hardly any • 

species can be considered as really satisfactory from both the growler's and 
the merchant’s point of view. For instance, the types derived from i 

neglectum are high yielding, high ginning, aiid easily grown, but are nearly i 

always poor in staple — ^the poorest in fact of any types of cotton actually in 
cultivation. Gossypium indicum, though of excellent staple, yields pcorly 
and has a low ginning percentage. Gossypium herhaceum, though cultivated I 

over large areais, usually requires a long growing period and is hence difficult 
to grdw', while its staple varies very widely, and in the cultivated types good 
staple seeing to be almost always joined to low ginning percentage. It appears, J 

at first sight, in fact, that if the valuable characters attached to each of these 
species could be combined with those derived from one of the others, an almost ; 

ideal cotton plant for ahnost any area could be obtained. p 

The crossing in question is not, however, nearly so simple, as appears 
at first sight, for all the varieties are polymorphic, being made up of a number 
[ 71 ] ] 
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of distinct strains which have a different botanical and agricultural value. 
This polymorphic character of the crop, together with the fact that natural 
crossing occurs in the field to a limited extent, has two effects. It makes 
selection of the best of the strains a more easily applied method of improvcjneiit, 
and it makes the effect of crossing less easily deteiminable, os])ecially when a 
parent is itself a hybrid between several of the strains in the crop. Hom-e, 
though a very large numher of crosses were made in the years before 1907, 
they were almost all abandoned as giving types of too inconstant and too 
unsatisfactory a character, very soon after they had been produced. And, 
as a result, selection of the most valuable strains in the crops ordinarily grown 
has been almost exclusively relied upon for cotton improvement in the last 
twelve or fourteen years. 

But it is obvious that the limits of improvement by s(dcctioii alone, 
however carefully done, are very narrow, '’llic best types can be isolated 
and grown pure, and this is usually an immense advantage, for the growing 
of a mixture of strains of unequal value is always unpi'ofitable. But beyond 
thelimit set by the types already existing, or the chance occurrence of a valuable 
mutation in the growing crop, no bi’eeder can go without actual crossing of 
types. 

Hence, as has already been said, crossing has been often attempted but 
the results of the crosses have rarely been carried so far as to get into actual 
cultivation. In the early days befoi-e 1907 when a large number of crosses 
were made in a somewhat haphazard and empirical fashion, the most important 
result was to show that the various Indian cottons crosss freely with one another, 
and that, as would be expected, the immediate effect of crossing is to lead to 
considerably increased vigour, in the jfiants. Tliese facts were soon discovered 
by the workers on the subject, and as a result, in Bombay for instance, during 
the years between 1 901 and 1 907 ^ crosses were made between the broach, 
hmnpta, and gogfiari varieties of Gossy^rium Jierbaceum, the Dharwar-American, 
and the Cambodia varieties of Gossypium hirsutiim and others. These were 
combined in almost every possible way with the object of inducing variability 
and then selecting desirable variations. But although careful selection was 
made for a number of years the crosses obtained usually proved unprofitable. 
The necessary precautions such as the protection of the plants from natural 
crossing were not taken, and the crosses were made without recognizing that 
each variety of cotton is itself a mixture of many types. Moreover, mass 
selection was adopted, too early, even before the strains obtained were fixed 

^ Kulkarni and Kottur. Improvement of Cotton in tlie Bombay Breaitleuoy. Bull. No. 70, 
Dept, of Agri., Bombay (IQIB), 
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Generally, therefore, the result was neither to obtain the improved types | 

desired, nor even to settle the q^uestion as to what are dominant or recessive | 

characters when different types of cotton are crossed with one another. I 

The above remarks refer to the crosses made in Bombay, but the same 
negative results seem to have been obtained in other parts of India. In the 
Central Provinces a number of hybrids wnre produced at Nagpur and Akpla in 
1905 and 1906, but the fate of these is unknown. And a similar statement 
might be made with regard to such crossing work as was done in every province 
in India. The hybrids which ever passed out into general use were few, and 
they themselves were by no means pure. Among these may be noted the 
so-called “ Kumpta Gross”--a hybrid between two strains of ktmpa cotton 
(Oossypiimi IierhaceMm) made in 1901 and No. 1027 A. L. F. at Navsari in the 
broach cotton area, a type produced in 1901 hy crossing the himpa and goghari 
varieties of GossyjMim lierbaceum. Using similar methods, a cross between 
bani [Gossy-pimn indioum) and desM Lahore {Gossypiim oieglecmn) termed the 
“ Sindewahi Cross ” seems to have successfully entered into general cultivation 
ill the Central Provinces. 

The first published work on the principles which lie in the basis of tbe 
successful crossing of Indian cottons for agricultural purposes was that of 
Fletcher, 1 who, basing his conclusions on Bombay experience, stated that, 
fineness, length and colour of the lint are dominant in the crosses he made, 
that yellow colour in the flower is dominant over white, and that fuzziness in 
the seed is dominant over nakedness. About the same time Balls^, whose work 
in Egypt since that time has been of very great importance on all questions in 
relation to the growth and development of cotton, published his first work. 

The conclusions to which he came will be referred to later in considering 






the heredity of each factor discussed in the present paper. The wmk of 

Fyson^ followed, and was based chiefly on crosses between a Qossypium her- 

baceum (jowari) and a Gossypkmi neglectum (jari). He found that the shape - | 

of the leaf (broad-lobed and narrow-] obed) and the colour of the flowers (white 

and yellow) appear to segregate on Mendelian lines, yellow colour being domi- ; 

nant over white and the narrow lohing of the leaf being dominant over the 

broad lobing. Again he judged, though he did not prove, that fuzziness of the 

seed segregates as a Mendelian character, and that “ so far as two generations * 

' Fletcher. Mendelian Inheritance in Cotton. Jour. Agri. Sci., Vol. 11, p. 281 (1907). 8! 

- Balls. Note on Mendelian Heredity in Cotton. Jour. J-gin. jSci., Vol. 11, j). 216 (1907) ; ji 

also Mendelian Studies of Egyptian Cotton. Jour. Agri. Bci., Vol. H, p. 347 (1908). j 

^Fysoii. Some experience in the Hybridising of, Indian Cotton. Mem. Dept. Agri. Ivd., ^ I 

Bol. Her., Vol. II, No. 6 (1908). i 
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showed, length and fineness of the lint were dominant over the short and rough 
woolly nat-ure, and the habit of the bolls opening widely dominant over that ol 
opening a little.” 

The work of Balls between 1907— 09 is interesting because it deals with 
Egyptian cotton, and hence with a species difiereiit from that with which 
most of the work in India has been done. He found natural crossing taking 
place and studied the second generation {¥ 2 ) of these crosses. He observed 
that long staple was completely dominant over short, thus confirming Fletcher’s 
and Fyson’s observations on other species of cotton. The inheritance of the 
colour of the flowers was more complex, and he was not able to elucidate its 
character completely. The time of ripening {i.e., earliness or lateness of the 
type) seemed to be a Mendelian character, while “ the fact that many of the 
most important commercial qualities aie dominant Mendelian characters 
presages considerable difificulty in preparing improved types.” Later on, 
he studied a large number of additional characters in crosses between Ameiican 
(Gossfpium Mrsuium) and Egyptian {Gossyjmm barbadensc) cotton, and his 
conclusions may be summarized as follows. 

(a) The following characters are completely dominant 

(1) Tallness of the main stem over shortness. : : • 

(2) A long leaf over a short leaf. 

(3) A slightly incised leaf over a deeply incised leaf. 

(4) A bread angle between leaf lobes over a narrow angle, 

(6) A long petal in the flower over a short petal. 

(6) Large seed over small seed. 

(7) Long lint over short lint. 

(b) The following characters are incompletely dominant : — 

(1) A red spot at the base of the leaf over a leaf without this spot. 

(2) Yellow colour over white colom- in the flower petal. 

(3) A red spot at the base of the flower petal over a petal with no spot. 

(4) Yellow colour over white colom' in the anthers. 

(5) Brown colour over absence of colour in the lint. 

(c) No definite conclusion was reached with regard to the heredity of ( in' 
following characters : — 

(1) Hairiness of the plant. 

(2) Shape of the stipule, 

(3) Eoughness and glandulation of the boll. 

(4) Fuzziness of the seed^ 

(5) Colour of the fuzz. 

(6) Distribution of lint on the seed. 
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We shall see later how far the author’s investigations on an entirely 
different cross confirm these observations. 

Leake’s work, which was begun in 1904, and was published in a series of 
papers from 1908 to 1914, was based in the first instance on a much more 
careful examination of the manner of growth of Indian cottons than had 
hitherto been made, and on three crosses made between pure lines of— - 

(1) Gossypium arhoreum {narma cotton) and Gossypium neglecium 
(white-flowered deshi). 

{^) Gossypium midimm {bmi cotton) and Gossypium neglectum (white- 
flowered desJii). 

(3) Gossypium herbaceum {broach cotton) and Gossypium neglectum 
(white-flowered deshi). 

The principal work was done with the first of these as the cross between 
herhacemn and neglectum cotton tended to give infertile seed, and that between 
indicum and neglectum showed signs of w^eakness in the indicum parent. The 
characters studied were (1) the colour of the corolla and the presence of a spot 
at the base of the petal ; (2) the presence or absence of red colouring matter 
in the sap ; (3) the leaf factor ; and (4) the type of branching and the length 
of the growing period previous to flowering. Two of these characters will be 
discussed fully later* in connection with the author’s own crosses, namely, 
the colour of the corolla and the leaf factor. With regard to the other charac- 
ters named above, it may be stated that presence of a spot at the base of the 
petal is completely dominant over its absence, that the red colour in the sap 
is a complex of two factors, redness and yellowness, and these segregate on 
Mendelian lines, and that the type of branching appears not to be inherited as 
a definite Mendelian character. Leake confessedly limited his papers to a 
discussion of the vegetative characters of the cotton plant and promised another 
memoir on the commercially valuable portion of the crop. This has not, 
however, as yet appeared. 

Taking all together, therefore, the work hitherto done would seem to 
indicate that in making crosses between types of cotton, the inheritance is 
largely of a simple Mendelian character though there are a number of qualities, 
which are either non-Mendelian or else of a more complex kind than that 
ordinarily found. Apart, therefore, from the wish to obtain improved types 
of cotton suitable for a particular tract, it seemed also of importance to ascer- 
tain how two varieties of cotton, in puce line, behaved with regard to some 
of these apparently complex characters. The progress made on these lines is 
the chief subject of the present memoir. 

* See pages 85 and 106. 
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n. THE TYPE OF COTTON DEMANDED FOR THE 
KVMJPTA Kmk. 

The interest of the whole question of cotton crossing for the uuthor has 
lain on the fact that he has been long emj>loyed in the attempt to obtain 
improved types of cotton for the area which now gi’ows the variety of Gossy- 
■piim herhaeeum known as kumpta cotton. Work has continued for many 
years on the lines of selection of the best and most suitable types for that 
area from the existing crop, and with considerable success. A full account 
of this work has been given in another memoir.^ But it quickly became 
apparent that progress by this method here, as elsewhere, was limited, and 
further advancement towards the ideal type of cotton plant for this tract could 
obviously only be made by introducing the missing qualities in the best strains 
of the local cotton by crossing with other types. 

The type of cotton which appears most suited to the Kumpta tract has 
been already described (loc. cU.). The essential points are a relatively rapid 
flowering and fruiting type of plant, and hence a plant which is, adopting 
Leake’s classification, essentially sympodial. This has been secured by the 
isolation of a pure strain Imown as Dharwar No. 1. This has the qualities 
of quick growth, of early flowering, and rapid fruiting which are needed in the 
Kumpta tract. On the other hand, it has the following disadvantages. 

(1) Though the ginning percentage is high (28'r)) as compared with that 
of most sti'ains of humpta (26-5), yet it is low compared with many othe;i‘ 
types of cotton grown in India, and even of many types of herhaeeum cotton. 
Thus broach cotton, a 'herhaeeum type grown in Gujarat, has normally a giiming 
percentage of 32, aiul some strains go considerably higher. The neglectum 
cottons nearly always approach a ginning percentage of 3G to 38 and so on. 

It was obviously desirable that this faculty of high ginning should be 
introduced into the liumpta cotton if this can be done without loss of the 
yielding power and staple of Dharwar No. I. 

(2) The cjolouf of the kumpta cottons is always dull white with a tinge 
of red, and no selection has enabled this character to be overcome. Now the 
Gujarat herhaeeum and the neglectum cottons generally are very wdiite, and 
if this could be secured without losing the faculties wdiich give kumpta its 
special value for the area in which it is grown, a much more valuable iHoduct 
both to the cultivators and to the market will be secured. 

(3) The tall erect character of the jilant should be emphasised iu any 
cross that is made, or in other words the sympodial character of Dharwar 

^ Kottur. Kmix>tci> Cotton and its Impfoveniont. Mem. JJei>L Agn. Ind., BoU Ser., Vol. X, 

No. 6 (1920). 
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No. I slioTiid be emphasised in the cross, as this means earliness, an 
exceedingly important quality for the Knmpta tract. 

Thus a type is to be secured by crossing which has all the good qualities of 
Dharwar No, I, and, in addition, has a considerably larger ginning percentage 
in the hapas, a better colour in the lint and a tendency to emphasise the earli- 
ness of the plant. To obtain these advantage.s easily there are only two Indian 
types with which it is obviously worth while crossing the Dharwar No. I strain 
of hmnpta. These are (1) strains of high ginning Gujarat cottons, 

of which possibly the goghari type is the most suitable, and (2) strains of 
neglecfAim cotton, chiefly from the high yielding, high ginning types from 
Berar or Khandesh. Between these two the decision is easy, for while the 
Gujarat herhaceums are desirable in other respects, they are ail monopodia! 
in character and hence bushy in growth and late in flowering and fruiting. 
The neglectum cottons, on the other hand, give equal ginning percentage, have 
an equally good colour, and are erect essentially sympodial plants. 

It was hence decided to proceed with the crossing of the pure line of 
the humpta variety of Gossypyiimn Jierbacmm known as Dharwar No. I and a 
pure line of Gossypiuni rieglectimi isolated by the author from the narrow- 
lobed, white-flowered type of Sholapur cotton (which is essentially identical 
with that from Khandesh), and it is an account of this cross and its behaviour 
that forms the remainder of the present memoir. 


III. THE PARENTS OF THE CEOSS. 

The parents of the proposed cross may first be described. 

(1) The Dharwar No. I strain of Gossypnm herhac-eum was isolated by 
the author in 1913 from the hmnpta cotton grown at Dharwar. It has been 
described in detail in the memoir previously referred to (pages 254-261) and 
this description therefore need not be again repeated. But its principal 
characters can be indicated as follows 

{a) The stalk of the cotyledons is green throughout, as is the case 
with all lierhaceum cottons- 

(6) The nmnber of monopodia on each plant varies from 0 to 5, with 
the mode at 3. 79'7 per cent, of the whole plants examined have 
either 2 or 3 monopodia per plant. 

(c) In leaf character, the plant may be shortly described as one with 

short and broad lobes, with a leaf factor— to use Leake’s term — 
of about 1'4. 

(d) Tlie flower is yellow, and the petals are from 22 to 39 millimeters 

ill length, the mode standing at 28 to 30 millimeters. 
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(e) Nectaries are present both, on the leaves and on the bracteoles. 

(/) As already stated, the colour of the cotton is dull white witli a 
tinge of red. 

(g) Tlie ginning percentage varies from 26 to 29, with mode at 28. 
Only one per cent, of plants had a ginning percentage as high 
as 30. 

{h) The mean seed weight was 0’057 grammes, and was, as we shall see, 
almost identical with that of the other parent. 

(i) The staple of the lint ranged from 0*8 inch to Tl inch with a mode 
of 0*9 to TO inch. 

(2) The strain of Gossypium negUctum used for this cross has not been 
described before, and hence a somewhat detailed account must be given of 
such of its various characters as have importance for the present experinients, 
It belonged to the narrow-leaved, white-flowered variety of this species which 
has been called Gossypium neglectum var, rosea hj Gammie.T This forms, 
as is well known, the most highly ginning element in the mixture commonly 
grown in the regions of India growing neglectum cottons. A picture of a 
typical plant is shown in Plate I. ■ 

Tlie characters important for our present purpose are as follows 
1 (a) The stalk of the cotyledons is red at the tip, like all neglecium cottons, 

differing thus from Dhaiwar No. I with which it is to be 
crossed. 

(6) The number of monopodia on each plant varies from 0 to 3, the most 
frequent number being 2. The number of monopodia on 1,000 
plants in 1919-20 was as follows : — 


Number of monopodia Frequency 

0 11 

1 191 

2 598 

3 200 

4 0 


It will be seen that the number of monopodia is rather less than on the 
Dharwar No. I strain with which it is crossed, though both of them would 
be classed as sympodial cottons. 

(3) The leaf characters show extreme difierence from that of the otlier 
parent of the cross, previously described, and the leaves would be described 
as long and narrow-lobed, with a leaf factor of 3*5. Exactly what this means 


^ Gammie. The Indian CottoOB. 3Iem. Dept, Agri. Ind., Bat. Ser,, Vol. II, No. 2 (1907). 
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is shown by the figures of typical leaves of this strain shown in Fig. L They 
are all primary leaves, and represent either the 6th, 6th, 7th or 8th formed 
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on the main stem of the plant. As there is considerable variation in the 
leaves in different parts of the plant and between large leaves and small, the 
above mentioned leaves have been kept throughout for all our measurements. 
Taking these leaves, and measuring the length and breadth of the middle 
lobe of the leaf on many plants, the contrast between the character in the 
Gossypium neglectum (rosea) under discussion is well shown in the following 
correlation table. It will be seen that all the leaves of Dharwar No. I have 
a lobe with no greater length than 52 mm., while none of the rosea type are 
shorter than 61 mm. Likewise the middle lobe of the whole of the leaves 
of DharWar No. I type has a breadth exceeding 25 mm., while all those of the 
rosea type are under 21 mm. Generally speaking, the following table shows 
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These figures indicate that there is an almost exactly similar distribution 
of the frequency of various ginning percentages in the progeny for plants of 
varying ginning percentages. It may be taken, therefore, that in ginning 
characters we have in the Gossypiim neglectimi (rosea) type used for crossing, 
a pure line in this variety. (Mg. 2.) 


Qossypium herbaceutn 
Dhanv'ar No. I 


Goasypium negheiurn 
roaea 


Red at the tip 
Long and narrow -lohed. 

Leaf fjictor 3'7 
White 


Taking all together, therefore, we have two parents which are very similar 
as to the general character of the plant, and as to the seed weight. They 
on the other hand, markedly contrasted as to (1) the colour of the stalk, 
(2) the shape of the leaf, (3) the colour of the flower and the length of the 
petal, (4) the presence of nectaries both foliar and extra floral, (6) the Colour 
of the lint, (6) the ginning percentage of the Tcapas, and (7) the staple of the 
lint. The following table shows these characteristic differences, which had 
(previous to the crosses being made) been shown to be constant within known 
limits, under self-fertilization, during several seasons 
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Qossypium herbacenm 
Dharwar No,- I 

Gossypimn neglectmn 
rosea 

(4) Nectaries . . . . 

Present 

Absent 

(5) Colour of lint . . . . 

Dull white with reddish 
tinge 

Pure white 

(6) Ginning percentage of kapas 

26 to 30 (mode 27 to 
29) 

30 to 40 (mode 3o to 
38) 

(7) Staple of lint .. .. .. 

0-8 to I’l inch 

0-4 to 0-7 inch 


It is to the behaviour of the cross between these two types of cotton, in f 

these contrasted characters, that the principal attention of the author has been 

directed. s 

IV. THE METHOD OF MAKING THE CEOSS. 

Cotton is normally a self-fertilized plant, but it is now proved that a 
certain limited amount of crossing does take place when different strains 
or varieties of cotton are growm in close proximity. This depends very largely 
on the number of insects present and particularly on the number of bees. 

At Dharwar the author’s experiments would indicate that, with the strains 
with which he has worked, about two per cent, of natural crossing is normal, 
and this being the case, it is obvious that in all critical work the flowers must be 
protected from such natural crossing. 

The method first adopted was to protect the flower buds with paper 
bags. Tliis method has been frequently used in India and probably elsewhere. 

It has, however, been much criticised. Ballad objected to it in Egjqrt as it 
caused a great deal of shedding of flower buds and flowers. Leaked protected 
many thousands of flowers with paper bags, but found that his method led to 
a considerable degree of sterility. The author’s experience of the methods 
under discussion was that the paper bags were very troublesome to use, and 
not very effective in a windy area, as they are liable to be torn and hence 
their value destroyed. The method has been abandoned in Madras, and a 
system of sewing up the flowers adopted in its place.^ The author now only 
uses the paper bag method in protecting the flowers of the pollen parents and 
the buds operated upon in actual artificial crossing. In tlus case no satisfactory 
substitute has been found. 


Cotton Plant in Egypt, p. 117. " Jour. Genetics, Vol. I., p. 207. 

Ann^ Beport. Dept, of Agri., Madras (1913). 
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In all other cases, where self-fcrtilkation is (lesircd, and hence oonijilete 
protection from any chance of the admission of foreign pollen the author 
Ls adopted a method of keeping the flowers closed by means o small a re 
rings.- Tire method was de,scribed in 1919. and lias given satisfactory lesti 1, , 
both before and since that time. The method is illmstra^tcd m the ske ,o , 
below (Fig. 3) and consists of putting the small rings on to the fully i eve oiie 



buds before they commence opening. The form of the flower being a cone, 
there is no difficulty in putting the rings tight, and so completely preventing 
the opening of the petals. The stalk of the protected flower is marked by a 
piece of cotton thread attached to the ring. In almost all cases, there is no 
further trouble. Occasionally, however, the ring slips oil and the bnds are 
thus allowed to open. All such flowers are removed, however, as soon as 
found. 

The method thus described has been used with all the plants m which 
self-fertilization is essential, and all the results described in the present papei 
have been obtained with flowers so protected. 

V. THE CHAEACTERS OE THE HYBRID PLANTS. 

The cross between the pure strains of Gossyfium herlaceum and Gossypwm 
neglectiim var. rosea already described was made in December 1917, and 
twenty-two bolls were obtained which were sown separately in August 1918 
(El). All gave plants and produce of one type, and it was evident that the 
cross had been successful in all cases. Among the plants grown, twelve were 
protected from cross-fertilization and self-fertilized and these yielded t}ie 


Jouf., India, Vol. XIV, p. 177. 


G. L. EOTTUR 


85 


material for the next generation’s cultivation. The seed I’rom each of these 
plants was grown separately, and it was at once obvious that much splitting of 
characters was taking place. Careful study of this was made, and the seed 
from plants of this generation (F 2 ) which showed any promise, and whicli 
were again protected from cross-fertilization, was again sown in 1920, the 
result being again carefully examined in the Fs generation. A similar study 
was made of the F 4 generation sown in 1921. In the present chapter of this 
memoir, the author wishes to follow, through these four generations (Fi, Fs, 
Fa, F 4 ) of the cross, the behaviour of the characters already indicated. 


(A) Colour of the cotyledonary stalk. 

This character, which has of course only a scientific interest, was only 
followed through the Fi and F 2 generations, as the climatic conditions in 
1920-21 were unfavourable to obtaining correct results. Starting from the 
green stalk of Dharwar No. I and the deep red stalk of the neglectum- parent 
(rosea), it was found that the Fi generation gave a stalk which was joint red 
in every case. In the F 2 generation, there was a splitting of types resulting 
in coloured stalks as follows - 

Total number of plants examined . . . . 1,263 

Deep red stalks . . . . . . . . 132 

Faint red stalks .. ., .. 930 

Green stalls .. .. .. .. 201 

This gives a proportion between the different types of stalks of 1 : 7 : 1*5. 

It is quite unsafe to suggest any reason for this proportion, on the basis 
of the two generations considered. It is obvious, however, that the colour 
is not a simple Mendelian character, involving the presence or absence of one 
colour factor. 

(B) Shape of leaf. 

The question as to the result of the cross between the two cotton types 
described in the matter of the shape of the leaf is of very great — ^though 
chiefly of theoretical — ^interest. The matter of how their character is inherited 
has already been discussed by Leake^ on the basis of a cross between 
Gossypium arhoreiim d^udi Gossypium neglectum. He has devised a co-efficient, 
which he terms the “ leaf -factor,” to represent the shape of the leaf. 
This leaf-factor is composed by subtracting the distance from the petiole 
to the sinus (li) from the length of the leaf from the petiole to the 


^ Jour . Qenetics , Vol, I, No. 3, p. 224 {1911), 
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tip of. the middle lobe ( 1 ), and dividing by tbe maximum breadth of the middle 
lobe lb). It is thus : 

l-lj 

b 

Though he finds that this factor varies somewhat with dilleient leaves on 
the same plant, he considers that it is quite easy to select typical leavo»s, and 
his results for any plant are always based on the average figures given by two 
such leaves. A typical leaf was taken as being one which represented “ the 
average of the factors of all leaves arising from the monopodia] blanches.’'^ 

He considers this factor as a single constant character, and that blending 
between the qualities represented by a long nairow-lobed leaf and a short 
broad-lobed leaf may occur in any proportion. A consideration of his results, 
however, does not definitely prove that the leaf -factor is really single inheri- 
table quality, and some of them suggest that it may be a combination of two 
factors varying independently. The results which the author has obtained 
seem calculated to throw some light on the very obscure question of the 
inheritance of these leaf characters and they may therefore be discussed in some 
detail. 

Instead of the leaf-factor ” as defined by Leake, the almost identical 
figure obtained by dividing the measurement of the length ( 1 ) and the breadth 
(&) of the middle lobe of the leaf has been used. This is simpler to obtain 
and varies so little from the figure given by Leake that it may be used without 
appreciable error. To exclude chance variations in a single plant, the measure- 
ments for each plant in a type were always made on either the fifth, sixth 
or seventh leaf arising on the main stem, when it was fully developed. 

But while the leaf-factor has been used, the elements of which it is com- 
posed, the length and the breadth of the middle lobe have themselves been 
considered as possible hereditary characters, and their values in the parents 
and the offspring have been compared down to the F 4 generation. The 
difficulty in this case is that the absolute length and breadth of the middle 
lobe of the leaf are dependent not only en the innate hereditaiy charaeteis 
of the plantdtself, but also on the vigour with \vhich the particular plant 
measured is growing. This difficulty is net altogether absent from the use c f 
the leaf-factor itself, for when a plant is specially vigorous the middle lobe 
of the leaf increases in length faster in proportion to the increase in breadth. 

This is clearly indicated by the following figures obtaiired from vigorous 
and non-vigorous plarrts of the same pure line of Gossypimn herbaceiim and 
also of Gossypimn neglectum, {rosea). {’Fig. 4.) 


^Loc. cit., p. 229. 
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Gossypium neglectum (rosea) 
Leaj-f actor and f requency. 
(From 138 plants.) 


Leaf-factor 


•’requeiiey 
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T']i (3 range between the extremes in this case among all plants of this strain 
is O' 7 or rather more than double what Leake found from his single plants of 
broad-lobed varieties. 

When we consider the narrow-lohed varieties, the constancy of the leaf- 
factor, on which Leake lays great stress, no longer exists and the primary 
leaves on a single plant show themselves to be extremely variable. Thus in 
two single plants of the strain of Gossypium neglectwni var. rosea used for 
the cross in 1920-21 the following variations were found, using only fully 
developed leaves on the main stem. 

Leaf -factor. 


Number of leaf (from base) 

Plant No. I Plant No. 11 

5tli 

3-1 3-1 

6th . . . . 

3*5 3‘1 

Ttfli • • ■ * ■ • 

3-5 3*0 

8tli • « • • ■ • 

4'(5 3 ’7 

9th . . 

3-9 3-9 

lOth » • 

4-1 41 

lltlx . . • * • • 

4-4 4-0 

12th .. .. •• 

4'0 3-8 

9 * • • • • 

3-9 4-0 

* *0 * • 

3-8 41 

15thi • » • • ■ • 

3-8 4-3 

Jlbtu • • • • • • 

3-5 4-0 

ITth • • • • * • 

3-.5 3-8 

IStix • • • • • • 

4-1 3-6 

19tb. on • • • • 

4-0 3-8 

20tli « » • • • • 

3-4 3-7 

21s1j » • • • * • 

3-0 3-] 

22nd 

41 3-2 

nvd •. .. ! 

4-1 3-6 

24th • • • • • • I 


25th . . * * ■ • 


Mode 

3*5 31, 3-8, an 

Mean . . 

3-8 3-7 

Range . . 

1-4 1-3 


Range as percentage of mean value. 36*8 per cent. 36‘1 per ceirt. 
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It is obvious bore that tlie variation on one and the same plaii-t, are oi a 
totally difierent order fi-om those indicated in Leake’s figures. Though, if 
tile measurements are limited to the leaves we have ta.kcn (5th, 6th, and Tth.) 
for our general measurements, the range is much reduced, yet the fact that if 
we take say the 1:3th or tbe 15th leaf we should have got very wide difference 
from the finally recorded mean, rather tends to destroy our confidence in the 
factor itself. Leake* confesses that the leaf-factor is a purely empirical figure, 
and it became essential to find the reason for this very wide variation of 
mature primary leaves on a single plant. 

Before indicating what this is we may, however, consider the figures 
obtained if we take not single plants but the strain as a whole. The factor 
was determined in fact on 591 plants of this strain growing at the .same place 
at the same time (in 1920-21), the 5th, 6th, and 7th leaves being used in every 
case for measurement. The results are as follows 


Percentage 


0- S 
2-S 
6'7 
8-7 

13-9 
13-0 
13-9 
7-0 
11-6 
6-7 
9 5 
1*9 

1 - 1 

2-2 
0-6 


Mode . . . . 3T to 3*6 

Mean .. 3.5 

Eango .. .. 2’S 

Range as percentage of mean value 80‘0 per cent. 

Now, while the range in this case is higher than mth a single plant, yet 
It IS not more yariable than would have teen expected, having regard to the 
range of variations in leaves similarly j, laced on diSerent single plants (see 
above 8th leaf O’ 8, 15th leaf 0’6, 16th leaf O’S), and it compels a further analv- 
sis mto the cause of the variation. Is this variation due, in fact, (a) to variabi - 
lity m the type, (6) to variability in one of the elements which make up the 



^ Zoc, cit., p. 223. 
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leaf-factor, or (c) to variability in both of the elcnicnts which make up the | 

leaf-factor 1 

The variability camiot be due to more than a minor extent to that of the I 

type, because (as shown above) the variation in a single plant is, though smaller, | 

of the same order as that in the whole series of 596 plants. But let us consider i 

the variation in the elements which make up the leaf -factor {a) in single plants, | 

and (6) in the whole strain. I 

Taking the same plants as those for which the leaf-factor was given above | 

we have for the mature leaves on the main stem from the 5th upwards as \ 

follows. I 


Length and breadth of middle leaf lobe. 


Leaf number 

Plant No. I 

Plant No. 11 

Length of 
middle lobe 

Breadth of 
middle lobe 

Length of 
middle lobe 

Breadth of 
middle lobe 




mm. 

mm. 

mm. 

mm. 

5th 



75 

24 

75 

24 

6th 



75 

21 

75 

24 

7th 



78 

27 

90 

30 

Sth 



96 

21 

99 

27 

9th 



93 

24 

105 

27 

10th 



99 

24 

99 

24 

nth 



105 

24 

96 

24 

12th 



96 

24 

102 

27 

13th 



93 

24 

96 

24 

14th 



81 

21 

99 

24 

ISth 



81 

21 

90 

21 

16th 



75 

21 

96 

24 

17th 



75 

21 

81 

21 

18th 



75 

18 

75 

21 

19th 



72 

18 

81 

21 

20th 



78 

21 

78 

21 

2l8t 



75 

21 

75 

24 

22nd 



75 

IS 

78 

24 

23rd 





75 

21 

Mode 



75 

21 

75 

24 

Mean 



82*9 

21*3 

87*6 

23*9 

Range 



33 

6 

30 

9 


Range as percentage of mean 39*8 i)er cent. 28*2 per cent. 34*2 per cent. 37*7 per cent. 


From this it would appear that the variation in each of these elements, 
the length and the breadth of the middle lobe, is about equal, in the same 
plant, to that of the leaf -factor itself. We may now see what is the case 
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with a whole population of (300 plants grown in the same year as the aliove. 
This has worked out as follows : — 


.. 73 and 90 

Mean 82-1 : 

.. 48 

Range as percentage ot mean value 58-4 jter cent. 


Length of 
middle lobe 

JFrefj[uency 

Breadth of 
middle lobe 

Jj’requeney 

jnin. 


inm. 


()3 

21 

18 

42 

66 

24 

21 

240 

69 

26 

24 

188 

72 

36 

27 

9() 

73 

116 

30 

34 

78 

51 



81 

.54 



84 

46 



87 

35 



90 

' 62 



93 

45 



96 

, 21 ■ 



99 

iC 



102 

17 



105 

17 



108 

■ - 8 , 



111 

. ;i ■ 

: ' 

— 



21 

23-2 

12 

57' T per cent. 


ihese figures show that while the range of variation of the leaf-factor 
in a single plant is practically as great as that of the actual measurements 
of length and breiidth of the middle lobe of the leaf, its variability in a large 
population grown side by side in the same year is much greater (nearly double) 
that of the actual measurements. This being the case, it would appear 
that the use of the leaf -factor tends to magnify the variability in this type of 
cotton and that considerably more constancy would be obtained by taking 
the actual measurements of specified leaves oi plants grown side by side in the 
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same year, than by taking the combined co-eiBEicient which Leake has termed 
the “leaf-factor.” 

In addition to this, it may be noted that though the co-efiicieiit of variability 
of both the length and breadth IS nearly the same, being 1.3- 15 as regards 
the length (standard deviation 10*8 mm.) and 12'41 as regards the breadth 
(standard deviation 2-88 mm.), yet there is only very small correlation between 
the length and breadth. In other words, the length and breadth do not 
necessarily increase together, the co-efficient of correlation being only 0-28, 

This being the case, there seems strong reason for rejecting the leaf-factor, 
as a single unit, in the studies of the results of crossing, because 

(1) The leaf -factor is more variable than the elements (length and 

breadth of the middle lobe) of which it is composed. 

(2) The correlation lietween these elements is only slight. 

We will, tlierofore, consider tJiese elements as separate units, always 
providing (1) that the plants whose leaf characters are to be compared must be. 
grown in the same year, at the same place, and at the same time, (2) that the 
leaves taken for measurement be always in a similar position on the plant. 

The author has always used the fifth, sixth or seventh leaf arising on the 
^ ^ main stem as the basis for his measurements. 

The characters of the middle lobe of the leaves, selected as just indicated, 
in the case of the parents of the cross, of the Fi generation and of the Fs 
generation, were determined on plants grown side by side in 1919-20 and the 
^ general results so far as the parents and the Fi generation are concerned 

are graphically shown in Fig. 5. It will be seen from this that the length of 
the middle lobe in the two parents is as follows , 

Dharwar No. 1 . . .. 37 to 54 mm. 

Rosea .. .. .. 49 to 78 mm. 

These figures hardly overlap. In fact, if wn take a length of 51 millimeters 
as tlic line between them, only 4 out of 500 or 0.8 per cent, of the Dharwnr 
No. I plants are above this line and only 3 out of 538 or 0‘55 per cent, of the 
rosea type are below this line. In fact, we may take it that the range of 
variation in the two cases is separate, and that for practical purposes tliere 
is no overlapping of the types in this particular. 

Ill the breadth of the middle lobe, the range of variation is, again, quite I 

\J' ■ independent. The whole of the Dharwar No. I leaves have a breadth greater ^ 

than 25 millimeters and the whole of the rosea leaves have a breadth less 
than 20 millimeters. 

The behaviour in the Fi generation is striking. All the plants obtained 
*' had figures for the dimensions of the middle lobe of the cross which indicated 
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rosea as to the length of the lobe, and of the type of D]ici,rwar 
jadth of the lobe. This is shown by the following figures. 


BREADTH ( m,m.) 


ARWAR 1 


It will bo noted, however, tliat in the Fj geir 
the extreme cases, to be higher than any examples 
This tendency has already been noted by Leake.i 


Name of cotton 

1 Lengtli of inidtlle lobe 

1 Breadth of middle lobe 

Dharwar No. I 
liosea . . 

' ' 

ram. 

37-54 

49-78 

min. 

25-42 

13-21 


52-90 

22-42 


Loc. cit. 
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From a consideration oi these figures, tables, and curves, it would be 
natural to suspect practically complete dominance of the long leaf lobe over 
the short one, and of the broad leaf lobe over the narrow one, giving, a leaf 
in the F] generation with a long-broad middle lobe. The actual characters 
of tlie leaf in the parents and in the Fj generation are showTi in Plate II. 

Exactly what this apparent dominance means is elucidated by a study of 
the P 2 generation where 837 plants were grown and gave results shown in the 
following frequency tables, being worked out to a basis of 500 plants in each case. 


Length of middle lobe. 


Length 

DhanvarNo. 1 

Mosea 

F, 

S’!! 

ram. 

28-30 




1 

31-33 





34-30 




12 

37-39 

is 

.. 


5 

40-42 

102 



20 

43-45 

100 



23 

46“4S . • . . 

190 



46 

49-51 

26 

3 


31 

52-54 

4 

24 

35 

01 

60-.57 


44 

5 

19 

68~G0 


58 

55 

05 

61-G3 


79 

5 

52 

C4-66 .. .. 1 


145 

1.30 1 

62 

07-09 .. .. 1 


45 

30 

29 

70-72 


59 

60 ! 

42 

73-75 


35 

15 

11 

70-78 


8 

70 

16 

79-81 .. ..I 



5 

1 

82-84 



70 

7 

85-87 



5 

1 

88-90 



15 

3 . 

91-93 




2 

94-96 


•• 


1 


Breadth of middle lobe. 


Breadth 

Dharwar No. I 

Ilosea 


F,. 

mm. 

10-12 




2 

13-15 


1,34 


26 

16-18 


287 


51 

19-21 


79 


55 

22-24 



45 i 

104 

25-27 . . 

ii 


50 1 

116 

28-30 

163 


135 

68 

31-33 

210 


120 

41 

34-30 

96 


100 

26 

37-39 

11 

■ ■ 

30 

9 

40-42 

9 


20 

1 

43-45 




1 


1 
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Taking the question of lobe length fost, and taking a length of 61 mm 
as separating long lobes from short ones, it is found that in the Fi generation 
all the Plants have leaven which would bo classed as long* and in tlic If., 
generation tlie proportion is as follows (out of 837 plants). 

Total Proportion 

Long-lo bed leaves .. .. 5 Q 5 2’61 

Sbort-lobed leaves .. .. 232 ] 

The proportion, in fact, approaches what one would expect to get with a 
single pair of hereditary characters. 

With the leaf breadth the position is similar. A width of 21 nim. mav 
be taken to divide narrow from wide leaves, as all the mnm, types are below 
tins limit, and all the broad types above it. In tie F, generation .all the plants 
have leaves conforming to tliis definition of a broad-lobed leaf, and in the F- 
generation tbe figures are as follows (out of 837 plants). 

„ 1 1 I T , Total Proportion^ 

xJroad-lobed leaves .. .. 2*7 

j^arrow-lobed leaves .. _ 226 1 

the "btoined above in studying 

he length of the lobe, that is to say, the proportion is very nearly what would 
be expected with a simple pair of hereditary characters ^ 

If these two lobe charaotets are studied together, and they are considered 
as two pairs of hereditary characters, varying independently, wn g t l 
following res ults in the F. g eneration out of 837 plants! ^ ® 

Characters Of leaf lobe Total Proportion 

Long broad . . , . 431 

Long narrow .77a « „ 

Short broad .. ion 

Short narrow , . 52 2*^ 

fa v^a'rly the FoporlMi^r;;^;ii^^ (9 - 3 - 3 - n 
If two simpk characters were vaiying independently, and it was clL that 
r“^ttstd“tn“^™ W would confirm or otherwise the 

plantf::r!t:“t™ 

length and breadth of the lobes of ;arent^TardT’'''l 

generation, in order to see whether, imder th! conditions of tS 

tte otter « ta 
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same standards of length and breadth could be taken as before. The results 
obtained were as follows : — 

Length oj middle lobe. 


Breadth of middle lobe. 


Dharwar No. I Rosea 


Length 




Dharwar No. I 

Rosea 

3?, 

mm. 







2S-3(» .. 




8 



31-33 .. 




10 



34-3G .. 




24 



37-39 .. 




26 



40-42 .. 




28 



43-45 .. 




42 



4(5-48 .. 




.50 



49-.51 .. 




98 



52-54 . . 




01 

i 


55-57 .. 




50 



58-60 .. 




49 



(51-63 .. 




33 

2 


64-06 .. 




15 

4 


67-09 





4 


70-72 .. 





16 


73-75 .. 





42 


70-78 .. 





32 


79-81 .. 





37 

’4 

82-84 





46 

■ 7,. 

85-87 .. 





50 

12 

88-90 .. 





78 

35 

91-93 .. 





55 

79 

94-90 .. 





43 

120 

97-99 .. 





28 

74 

100-102. . 





19 

48 

103-105., 





21 

34 

106-108.. 





5 

12 

109-111.. 





4 

36 

112-114.. 





0 

14 

115-117.. 





2 

8 

118-120.. 





7 

13 

121-123.. 
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Tte first thing to U noticed about these figures is the extreme importance 
and even necessity of growing all plants which are to be compared m the sa^me 
year. Tire oonclroions which were reached for a cousideration of the 191 J-0 
figures arc equally true here, but the leaves here arc longer and br<iader, or, 
in other words, Hgger than in the previous year. The length of the middle 

lobe, of tiie two parents was— • 

Dharwar No. I .. ' •• 28 to GO mm. 

Rosea to 120 mm. 

These figures again hardly overlap. In fact if we take a length of 60 mm. 
as the lino between the short and long leaves, no plants of the Dharwar No. I 
parent will bo above this line, and only 6 out of DOO plants or r2 per cent, 
of the rosea parent arc below it. The range, of vavialum in the two cases is 
practically separate. The bmiulth of the middle lobe gives similar itsuHs. 
Tile range was as follows ; — 

DliarwarNo. I .. •• •• 28to51miu. 

Rosea .. -• •• •• 15 to 30 mm. 

Hire we can take 30 mm. breadth as tlie dividing line, and if we do so, 

tlun only 4 plants (or O'S per cent.) of the Dharwar No, I parent overlap the 
range of the other type, while none of the rosea parent overlaps at all. 

In the Fi generation the results are similar to those recorded in the 
pivvious year. Both long leaf lobes and broad leaf lobes again appear as 
.simple dominants and the conclusions already drawn (page 93) seem to be 
confirmed. The interest of the culture in 1920-21 lay, however, in the charac- 
ters of the Fs generation. For this the whole of the seed obtained from a 
certain number of each type of plant in the F 2 generation was used. The 
number so used was as follows : — 

{a) Seed from thirteen plants with long broad-lobed leaves. 

(b) Seed from seven plants \vith long narrow-lobed leaves. 

(c) Seed from five plants with short broad-lobed leaves. 
id) Seed from one plant with short narrow-lobed leaves. 


Plants with lobes 


Proportion 



No. of 
plants 



Long 

broad 

Long 

narrow 

Short 

broad 

Short 

narrow 

Long 

broad 

Long 

narrow 

Short 

broad 

Short 

narrow 


92 

66 

26 

.. 


2*5 

I'O 




102 

76 

26 



2-9 

1-0 




95 

52 

21 

16 

6 

10-4 

4-2 

3-2 

1*0 


71 

39 

16 

11 

5 

8-0 

3-2 

2*2 

PO 


76 

55 

1 

18 

2 

3-0 


l-O 



93 

93 




1-0 





100 

58 

14 

22 

6 

I 9-6 

2-3 

3-6 



60 

32 

14 

11 

3 

10-0 

4-6 

3-3 

1-0 


101 

100 


1 


1-0 i 





S3 

61 

20 

2 


3-0 1 

1-0 




111 

82 

29 



2-8 

1*0 




118 

86 

3 

29 


3-0 


1*0 



83 

82 

1 



1*0 





In tMs case, therefore, out of thirteen plants grown, 

{a) three were pure long broad-lobed leaf types ; 

(6) four were pure long-lobed types, but contained elements of both 
broadness and shortness. There is, on the average, a propor- 
tion of long broad-lobed types to long narrow-lobed types of 
2'8: 1. The proportion expected with one pair of varying 
characters would be 3 : 1 ; 

(c) two were pure broad-lobed types, but contained elements of both 
length and shortness. There is, on the average, a proportion of 
long broad-lobed types to short broad-lobed types of 3 : 1. This 
is exactly what would be anticipated ; 

{cl) four contained elements of both length and shortness, and of breadth 
and narrowness. There is on the average a proportion of long- 
broad, long-narrow, short-broad, and short-narrow, of , ._9‘ 6 ; 
3'2:3'0:l. , 


LBRARY. 
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The behaviour of the plants which had long and broad-lobod h'avos in 
the F 2 generation was almost exactly what would have been (;x]»pctcd on the 
hypothesis of two independently varjdng hereditary pairs of chaiact('is. 


rom seven 


Plants with lobfif 


"tioii 


In this case, therefore, out of seven plants grown, five were, to all intents, 
pure long narrow-lobed types. The other two were pure narrow-lobed types, 
but contained elements of both length and shortness. There is, on the average, 
a proportion of long narrow-lobed to short narrow-lobed types of 3*1: 1. 
This is almost exactly what would have been anticipated on the supposition 
of two independently varying hereditary pairs of qualities. 

(c) From five plants with short broachlobed leaves. 


Plants with lobes 


Proportion. 


Long Short Short | L 
narrow broad narrow b; 


jong Long Short 
)road narrow broad 


Short 

narrow 



aroad 

narrow | broad 

narrow broad 

narrow I l)road 

. . 64 


.. 64 i .. . 

! 


1 ‘0 ; 

.. . 88 


69 1 . . 

19 

3*(.) 1 . . 

82 

1 

81 


: I’O . 1 

87 

3 

60 

24 ' .. 

' 2’r) ' ' 

96 

1 

92 

3 

1-0 i 

1 

82 

1 

80 

1 

' PO 

83 

1 

80 . .. 

2 

1-0 
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In this case, tliorefore, out of five plants grown, three were, to a]] intents 
and purposes, pure short and broad -lobed types. The other two were pure 
sliort-lobed types, but contained elements of both breadth and naijowness. 
There is, on tlie average, a proportion of sliort broad-lolied to short narrow- 
lobftd types of 2*3 : 1. This is not quite the proportion expected (3 : 1) but 
considering the small number cif plants investigated, it is not much fnither 
from it than perhaps might have been anticipated. 


(d) From one plant with slmiit narmiv46bed. leaves, 

weed from, only one carefully selected plant of this type was secured, 
and gave 77 plants of the E3 generation. These gave on growing : — 


Long broad-lobed leaves 
Long narrow-lobed leaves 
iSliort broad-lobed leaves 
Sliort narrow-lobed leaves 


This was, as would have been expected, from a pure recessive type. 

The F4 generation, which has been taken in 1921-22, enables us to go 
a stage further in this discussion. 

Seed obtained from the following plants were used for cultivation. 

I. Long hroad-lobed plaMs. 

(a) Seed from 13 plants of the F3 generation, the history of whose 
parentage is as follows 

F| . Long 6roaeZ-lobed leaves. 

^2- Long hroad-lohed. leaves. 

F3. All long 6road-lobed leaves. 

(&) Seed from 8 plants of the F3 generation, the history of whos(? parentage 
is as follows : — 

Fi. Lo}ig hroad-lohed. leaves. 

F2. 6road'lobed leaves. 

F3. All variations found, but long &iro«ti!-lobed leaves selected for 
producing the seed in the present case. 

(c) Seed frona 7 plants of the F3 generation, the history of whose parentage 
is as follows : — 

F]. Long hroad-lobed 
Fiv Long hroad-lobed les^vm. 

F3. Only long broad and short broad-lobed leaves found but lang 
hroad-lobed leaves selected for producing thesecd in the present 



Plants with lobes 


Proportion 


Xo. 

Xo. ,if 
plants 

Long- 

broad 

Long 

narrow 

Short 

broad 

Short 

narrow 

Long 

broad 

Long 

narrow 

Short 

broad 

Short 

narrow 

1 .. 

60 

6(5 




1-0 




2 .. 

94 

9] 


*3 


0-97 


0-6.3 


3 . . 

81 

79 


2 


0-97 


0-03 


4- 

77 

77 




1-0 



5 . . 

94 

93 


"i 


0*99 


o-6i 


() . . 

US 

118 1 



.. 1 1-0 



7 . . 

1 96 

94 


i 


0-99 


o-6i 


8 . . 

90 

90 1 

1 ■ 



10 



9 . . 

103 

103 




1-0 




10 .. 

1 89 

89 




1-0 




11 .. 

71 I 

68 

3 



0‘96 

0-(*)4 



12 .. 

103 

98 

2 

3 


0-9.6 

0 02 

0-03 


13 . . 

75 

66 

3 

G 


0-8S 

0-0 4 

0-08 



Hie plants are therelore .substantially pui’c types witli a long brc’ad-lobed 
leaf, and breed pure. Plant No. 13 seems a little aberrant, bat it has not been 
possible so far to follow this up. 


(6) From eight plaMs from a familg in the generation which contains 
all four varieties in leaf simile. 



In tHa caao it is obvious that Nos. 1, 2. 5, 7, and 8 stiU contain elements 
of all four possible varieties, and the proportion of these is as follows, taken 
together : — 

L. B. : L N. : S, B, : S. N. : ; 8*9 : 3'4 : 4*3 ; l, 
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This is not the exact Mendeli an ratio to be expected, but is very close to 
it. In No. 3 the parent appears to contain the “ broad ” character exclusively 
as no narrow-leaved plants are found among the progeny, but it has elements 
of “ length ” and “ shortness ” as previously defined, and the proportion of 
long-broad ” to “ short-broad ” dobed leaves is again almost exactly what 
would be expected in dealing with a simple Mendelian factor. In the case of 
Nos. 4 and 6 , the parent appears to be pure as to leaf character, as all the 
progeny in the former case have long narrow-Iobed leaves and in tlio latter 
short broad-lobed leaves. 

(c) From seven jjlants from a family in the ^3 generation^ 'which contains 
''long-broad’’ and “ short-broad” elements. 


No. 

No. of 

Plants with lobes 

Proportion 

plants 

Long 

broad 

Long 

narrow 

Short 1 Short 
broad i narrow 

Long 

broad 

Long Sinn-t Short 
narrow broad narrow 

1 .. 

101 

1 


100 .. 


1-0 

2 .. 

107 

82 


25 . . 

3-2 

1-0 

3 .. 

91 



91 


1*0 

4 .. 

86 

66 


20 1 .. 

3-3 

1-0 

5 . . 

101 


!! 

101 .. 


1-0 

6 .. 

93 

70 


23 i .. 

s'o 

1*0 

7 .. 

111 


.. I 

106 i 

0-04 

0*96 


In the results of this generation we get, therefore, a total absence of narrow 
leaves as we should expect. Three plants out of the seven have given a progeny 
with both “long-broad” and “ short-broad ” lobed leaves in the following 
proportion : — 

L.B.: S.B. :: 3*3: 1. 

This is again almost the expected ratio for two simple Mendelian factors. 
The remaining plants have produced progeny with almost only short broad- 
lobed leaves. The only exceptions are five plants out of 111 in No, 7 above, 
whose history can be followed up in the next generation and a possible explana- 
tion found. The whole of these five apparently aberrant plants are only 
very slightly over the boundary of 'shortness’ , four being four per cent, above 
and the fifth being nine per cent, above. 

II, Long narrow-Iobed plants. 

In this case seed was taken from six plants of the F 3 generation derived 
from parents in the F 2 generation which only produced pn geriy with long 
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»-ar;'o?(;-]ol3e<l leaves. TJiese were cultivated in order to see wlicther 
apjiarent purity in the F3 generation was maintained in tlie Ej geiK'rafii'n, 


Plants witli lobo; 


Long Short Short 
narrow broad narrow 


Long 

broad 


Long Jjong Slun't Short 

broad narrow brofid narrow 


It is evident therefore that the purity of the strain is maintained, tlie 
few aberrant forms being only slightly over or under the selected boundary of 
shortness respectively. Thus of the three ])]ants marked a,.s ‘ long-broad ’ 
the actual breadth measurements were as follows : — 

(fi) Limit of breadth for narrow leaves .. 30 mm. 

(Plant 1) 0-1 .. .. .. .. 33 „ 

(Plant 4) { q .3 ’ ] ” ’ ’ '• ” 

(6) Limit of length for short leav’^es . . . . . . 66 „ 

{ol •• S: 

fO-3 .. ... .. .. 03 „ 

(Plants) J ()'4 .. .. .. .. 63 „ 


Plants with lobes 


Proportion 


Long Long yhort Short j Long Long 

broad narrow broad narrow : broad narrow 


iShort (Short 
broad narrow 


96 


94 ! . 

2 . . 



76 


75 . . . 




74 


71 

3 

1 . . 


91 

’2 

88 

1 



99 


98 

1 ■ . , 



58 


58 
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The one plant wlxich ranks as short broad was only 33 mm. broad, the 
limit for narrow leaves being 30 mm. It hardly, therefore, exceeded the 
limit, and the whole of the progeny of the two test plants remained pure, as 
would be the case if we are dealing with a pair of recessive characters. 

The conclusions obtained from a consideration of the F 4 generation, 
therefore, substantially confirm those reached in the previous year. 

In summary, regarding the shape of the leaf considered as a hereditary 
character in the cross between the strains of Gossypium herhaceim and Gossy- 
■piim neglectum described above, it maybe stated — 

( 1 ) That the “ leaf -factor ” introduced by Ijeake as a single figure to 
represent the shape of the leaf would seem to be complex, as variability of the 
length and breadth cf the middle lobe is greater than that of its factors, and the 
correlation between these latter is only slight, the co -efficient of correlation 
being only 0’28, 

(2) That, provided the plants arc grown under the same conditions, in 
the same year, and that similarly placed leaves are taken for the measure- 
ments, the length and the breadth of the middle lobe of the leaf are single 
hereditary characters varying independently. 

(3) That the broad-lobed leaf of the Dharwar No. I parent is dominant 
over the narrow-lobed leaf of the rosea parent and the long-lobed leaf of rosea 
is dominant over the short-lobed leaf of Dharwar No. I. The Fi generation 
consists therefore entirely of long broad-lobed leaves, the range of length 
extending, however, beyond the longest leaf of the rosea parent. 

(4) That in the generation the splitting of the cross occurs in almost 
the Mendelian ratio for two independently varying characters, namely: — 


Long broad-lobed leaves 

8-3 

Long narrow-lobed leaves 

3-3 

fcjhort broad-lobed leaves 

. 3-4 

Short narrow-lobed leaves 

1-0 


(5) That in the F 3 and F 4 generations the splitting of the cross continues 
and the descendants of the various types of idant in the F^ generation again 
almost exactly correspond with what would occur with two independently 
varying Mendelian characters. The variation from the theoretical figures are 
not large, but later on it is hoped to investigate the reason for them. 

(C) Colour OP BLOWER. 

The previous work on the colour of the flower as" a hereditary character 
has been referred to in Chapter I. Fletcher found that in crosses between 
yellow flowers and white flowers the former proved a dominant character,, a 
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conclusion which was verified by Fyson. Balls, on the other hand, found 
that the inheritance of colour of flower was complex, but ht; was jiot able 
to elucidate its character completely. Leake again very chjsely investigated 
the matter on the basis of the crosses he made between strains of Gosnypiuni 
arboreum (mmia) and Gossyjiiwn neglectum. lie distinguishes between two 
kinds of yellow colour, a full yellow and what he terms “pale yellow.” lie 
states h The yellow colour is dependent on a colour producing factor, which, 
according to its presence or absence, gives rise to a simple pair of allelomorphic 
characters, of which the presence of the colour producing factor is dominant 
in both cases. Tliat is, the yellow is dominant both to pale yellow and to 
white. He adds : “ In the present, therefore, it is impossible to say what 
relations exist between the two conditions which may be indicated by the 
presence and absence of tlie pale yellow factor. ... It is clear, however, 
that this condition does not correspond with that denoted by Balls as lemon 
yellow, which he found to represent the impure stage in the cross between 
full yellow and white flowered parent in the Egyptian cottons.” Since the 
publication of the memoir by Leake and Earn Prasad from which these 
extracts are made, there aijpear to have been no further publications on the 
subject. 

The author’s cross was between a full yellow-flowered type (Bharwar 
No. I) and a pure white-flowered type (rosea), and the resulting crosses have 
given very interesting results, which may now be detailed. 

(1) Li the El generation the whole of the plants obtained gave pale yellow 
flowers.^ The actual difference in colour between the parents and the Ei 
generation is shown by the following analysis of the colours on Lovibond 
tintometer. 


Frequency distribution of colour. 


Lovibond's degrees (Yellow) 

Bharwar No. I 

liosea 

P, generation 

6-0 






6-25 




1 

6-6 




20 

5-75 




49 

6'0 




30 

6*25 

-• 




6*5 





6-7t) 

*■ •• .. 

■ 4 



7-0 


21 



7*25 


46 



7>5 

* • • • . . . . 

26 





'4 " 

^ . 
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(2) In tlie Fo generation out of a total of 1,057 plants, the colours were as 
follows 

No. of plants Proportion 

Pale yellow .. .. 643 3*9 

Pull yellow .. .. 162 1*0 

White . . . . 252 1*6 

There was no difficulty in distinguishing these colours in the morning 
soon after they opened. If the examination w^as delayed until the late after- 
noon, a certain amount of fading of the yellow colour had occurred, and it 
was not so easy to distinguish the colours. Hence all exanunations were 
made in the morning soon after the flowers opened. 

It is obvious that the colour of the flower is not a single Mendelian factor 
in which the pair is ( 1 ) colour and ( 2 ) absence of colour-, but it is difiicuit, on the 
basis of the characters in the generation only, to understand clearly how 
the actual colours found are composed. The F 3 generation gives, however, 
some light on this point. 

(3) For the F 3 generation seed from 32 plants of the F 2 generation was 
planted. Of these — 

17 plants were pale yellow in the F 2 generation. 

10 plants were full yellow ,, ,, ,, 

5 plants were white. „ „ „ 

Let us consider the way in which these behave. 

(a) All the plants which had white flowers in the F 2 generation also 
yielded white flowers in the F 3 generation as follows : — 
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(6) Ail plants wliiclx had full yellmv flowers in the generation gave 
flowers of varying colours in the Fs generation as follows — 


Serial No. 

Total 
nuinl>cr of 
plants 

Pale 

yellow 

Pull 

yellow 

White 


Propoi'tiou 


Pale 

yellow 

Pull yellow 

White 

'l"' ■■■', .. 

71 


71 


0 

TO 

0 

.... 

I (i7 


67 


0 

10 

1 , ■ ■() ■ ■ 

3 

S8 


68 


0 

i-o 

. 0.' 

4 

63 

ie 

47 


1 ■ 1 

2-9 

0 

5^. 

57 

12 

45 


■ !■ 

3-7 

, . 0 ,, 

6 

73 

24 1 

49 


1 1 

2-0 

■ ■ 0 . "" 

7 

72 

■-21' 

>51 


i 1' ! 

2-4 

'0. :■ 

8 

73 

16 1 

57 


■ 1 

3-6 

■ ()■■• 

y .. 

68 

0 

42 

iii 

I ' 0 1 

2-6 

!' ■ 1' ■ 

10 .. 1 

68 

0 

49 1 

19 

: ■ 0 

. 2-5 

1 


(c) The plants which had 'pale yellow flowers in the F2 generation gave 
flowers of varying colour in the F3 generation as follows : — 


Serial No. 

. ■! 

Total ! p , 

!' ' 

Full 

yellow 

f : 



Pi’ojjoi'tiou 


White 

' : 

Pale 

yellow 

Pull yellow 

White 

1 

68 

68 



1-0 

0 

0 ■ , 

2 ■■ ■■■ ■ * . 

08 

66 

2 


1‘0 

0 

0 

3 

61 

49 

0 

1,2 

4’0 

0 

■ . ,1 '■■■ 

4 „ 

74 

58 

0 

16 

3-6 

0 

1 ■■ 

5 , . 

69 

51 

0 

18 

2-8 

0 

1 

6 

76 

60 

0 

16 

4-0 

, "'0 

1 

7 .. 

81 

69 

0 

22 

2-7 ■ 

. ■ ' 0" ■ 

1 

8 ■ ... 

6<) 

48 

IS ' 


2*6 

1 

0 

9 

75 

64 . 

^ 21 .■ 


"■ ■■2*5 ' ■ 

1 

0 

10 

76 

64 

- ■ 12 ; 


6*3 

. 1 

0 

11 

(53 

46 

17 


2-7 

1 

0 

12 

7>5 

61 

24 


2*1 

1 

0 

13 

66 

4(5 

20 


2*3 

1 

0 

14 

■ 79 ■ 

!' . '45. ... 

1 ■ 11 ■' 

■ -23 ■! 

4*0 

1 

2*0 

16 

,78 ■ 

48 

12 

18 . i 

4*1 

1 

]*5 

16 

61 j 

.34 

10 

. . 17 1 

3*4 

1 

1*7 

17 

59 1 

32 

9 

IS 

■ 1 

3*6 

1 

20 


It is obvious, therefore, that the white colour is a pure recessive cliaructer 
in the crossing of these two types, as the whole of those plants which had 
white fiow'ers in the F2 generation bred true in this character. The constitution 
of the yellow-flowered plants was, however, more complicated and it could net 
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be pretcndefl that the constitution of the colour of these flowers had been 
coiapletely deciphered. The matter was, therefore, further examined in the 
F4. generation. 

( 4 ) For the F4 generation seed from 34 plants of the F^ generation was 
planted. Of these — 

12 plants were pure white in F2 and F3 generations. 

13 plants were full yellow in Fg and Fs generations. 

9 plants were pale yellow in F2 and F3 generations. 

These behaved as follows : — 

{a) All the plants which had white flowers in the F^ and F3 generations 
also yielded white flowers in the F4 generation. 


(b) Tlie ])lants which had fvU yellow flowers in the F^ and F3 generations 
ave flowers of varying colours in the F4 generation as follows : — 


Nuiubor (if xiliuiia ivith cttloiii'; 


Total 

Serial No. mimbcrof 
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Now all the plants (Nos. 1 — 8), which yielded full yellow-flowered progeny 
only, were derived from plants of the generation which likewise yielded 
full yellow-flowered progeny only. So that in these eight cases tliere is a 
record of full yellow-flowered plants only for three generations, and hence 
this colour seems to be hereditary as a single character, which may, however, 
be simple or compound. 

The remainder of the plants, derived from Fa plants with full yellow' 
flowers which yielded both pale and full yellow-flowered progeny in the Fa 
generation, all gave descendants varying in this character. In one case 
(No. 9) only pale yellow and full yellow progeny were picduced in the ju'evious 
generation, though the proportion of full yellow plants is now much higher 
as follows 

Pale yellow Pull yellow 


In the remaining cases all three types of colour appeared in the laogeny 
but in verydiflerent proportion, so different in fact that it is difficult to believe 
that we are dealing with simple colour characters at all. 

(o) The plants which had pale yellow flow^ers in the F2 and F3 generations 
gave flowers of varying colours in the F4 generation as follows - 


Number of ijlants with coloura 


Proportiou 


Total : ^ 

Serial No. number of 

plants Pale Full 
yellow yellow 


Pale Full 

yellow yellow 


White 


White 


These figures show an 
of the pale yellow flowers. 


extraordinary complexity in the colour character 
It may bo of interest to examine the parentage 
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from tile F2 generation of these plants. For this pnrpse there are four groups 
as follows ; — 

Nos. 1 and 2. 

Fa Pale yellow plants, gave in. 

Fjj Pale yellow plants only. 

F., Pale yellow and white plants in proportion of A?*S' pale yellow to 1 white. 

Nos. 3, 4 and 6 . 

Fo Pale yellow plants, gave in. 

F.J Pale yellow and white plants, in proportion of 4‘0 pale yellow to 1 white. 

F 4 Plants of all three colours in proportions varying in each case. 

Nos. 6 and 7. 

Fa Pale yellow plants, gave in. 

Fg Pale yellow and full yellow plants in proportion of 2‘8 jiale yellow to 1 full yellow. 

F 4 Pale yellow and full yellow plants only but in widely different ])roportions. 

Nos. 8 atid 9. 

Fa Pale yellow plants, gave in. 

F 3 Pale yellow, full yellow and white plants in proportion of 4 pale yellow to 
1 full yellow and 8 white. 

F 4 Pale yellow, full yellow and white plants in widely different proportions in the two 
cases. 

It is obvious, therefore, that we are in face of a much more complex charac- 
ter in the colour of the flowers of the cotton plant than has hitherto been 
thought, and the studies made so far will have to be extended considerably 
before it will be possible to elucidate the question. Two or three points are, 
however, clear. Thus it seems proved that the pale yellow colour of the 
flowers of some plants is not in any sense a mere Wending of the full yellow 
colour of one of the parents into the white of the other. The three colours 
have, in fact, distinct characters of their own. All white-flowered plants 
will breed true in colour of flower. Some of the full yellow plants will do 
so, but others will give progeny with both pale yellow and full yellow flow^ers 
or with flowers of all three colours. The full yellow colour can, however, be 
fixed as a hereditary character. Plants with pale yellow flowers have never 
bred true in this colour character, and the progeny may he a mixture of pale 
yellow and white, of pale yellow and full yellow, or of all three colours in 
widely differing proportions. 

Beyond this little can be said, and it will need a good deal more stiidy 
than the author has yet been able to make, taking account of the various tints 
involved, before the very complicated inheritance of the colour character of the 
flower of the cotton plant can be clearly made out. 
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(D) Lenotit op the flower petal. 

There aj)pear to be. two types of petal among species of tli 
piuin, one of which is so small that the petal is nsually comy 
by tlie bractcole and the other where the petal is so large as tc 
it. And this relationship to the bracteoles is 
sufficient definition of the size of the petal 
that the two types of petal 

form.” This being the case, he noted the close linkaj 
and the colour, small petals being always wlnte 
invariably large. The author is not aware of any 
been done on the question of the inlieritance 


considered by Leake.^ to be a 
in any particular case, lie considens 
stand in marked contrast, witliont intcTmcdiatc 
ige of the size of petal 
and yellow petals being 
[ither work which has 
of the size of jietal in cotton 


Dliarwar No. I 


Rosea 


Length 


Jour. Genetics, Vol. I, No. 3 (1911), p. 24: 
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In tJie Dliarwar No. I parent, I’S per cent, of the total plants are below the 
line empirically fixed as that of separation between large and sliort petals. 
In the case of the rosea parent, 8‘3 per cent, are a.bove this line, and in the case 
of the cross (Pi), while the large petal is evidently a dominant character, 4'2 
per ce.nt. of the plants give flowers wdth petals below 22 mm. in length. 

In the Pi generation several points were noted. 

(1) As would be expected hrom, Leake’s experience, the correlation between 
white flowers and short petals was almost, though not quite, conqilete. In 
fact, out of 252 white-flowered jilants, 243 gave flow'ers with sliort petals and 
9 with large petals. It is curious and very suggestive that the correlation 
in the cases here studied was not so complete ns in those examined by Leake. 

(2) The splitting of the types in the Pi generation was very curious, 
and so far an explanation has not lieen found wdiich wall account for it. Iho 
follow'ing talile shows, side liy side, the frequency of the various lengths of 
petal in the Pi and P 2 generations. 


Length of iietal. 



F, 

R. 

R., 

Ifi, 



Total 

White tiower 

Yellow flov 

mm. 

10-12 


6 

5 

1 

13-15 


82 

63 

19 

16-18 


149 

60 

89 

19-21 

.. 21 

133 

16 

117 

22-24 

94 

103 

3 

100 

25-27 

213 

23 

1 

22 

28-30 

160 

4 

0 

4 

31-33 

12 




34-36 





37-39 






The result in the Pi generation, as already stated, seems unaccountable, 
[nstead of the dominant large petal giving the largest proportion of large 
petals in this generation, only 228 plants had large petals and 643 had 
short petals, or a proportion of 1 to 2'8, being nearly the reverse of what had 
been expected. 


■■ 
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One of the reasons by which this strange phenomenon can be explained is 
to be found in the fact of the high degree of correlation between the white 
colour of the flower and the short length of petal noted above. If, however, 
this were the only cause of the disturbance of the usual ratio, th(‘ expected 
proportion would be obtained with plants bearing flowers of other colours. 
But the number of large and short-petalled plants among those bearing yellow 
flowers (including full yellow and pale yellow) was as follows : 

Large petals .. . . .. ..184 

Short petals .. .. .. .. 316 


The proportion between the large-petalled plants and the short-petalled 
plants is 1 to 1*71, which on the basis of present Icnowledgeis quite unaccount- 
able. The matter has not yet been investigated in the F3 or F4 generations, 
but this will be taken up as soon as time allows, as the problem which it opens 
out seems of exceeding interest. 


(B) Presence OF NECTARIES. 

The presence of both foliar and extra floral nectaries is characteristic 
of Gossy'pium herhaceim, while in the case of Oossypium neglectmn these 
organs are sometimes present, but sometimes completely wanting. No note 
appears to have been made by previous writers as to the behaviour of this 
feature of certain cotton varieties on crossing, and as the type of Qossypium 
negleotmi used in these experiments had been totally without the glands 
in question for several generations, the behaviour on crossing seemed worthy 
of careful record. 

On the cross between Dharwar No. I and rosea being made, it was found 
that the plants of the generation possessed both extra floral and foliar 
glands, so that the presumption is that this character is a normal Mendelian 
dominant. 

In the F2 generation, 1,050 plants were examined voth the following 
results : — 

Number with glands (nectaries) . . , . 743 

Number without glands .. .. .. 307 

The proportion is 2*4 to 1. This is not quite the proportion expected, and 
it would appear that we are not in the presence of a completely simple character. 
The investigation has not yet been carried further, but it may be possible to do 
this in the near future. 


G. L. KOTTUR 


115 


(F) Ginning PERCENTAGE. 

TJi.n ginning percentage of the Im'pas is one of the most important charac- 
ters of a type of cottfni, and as before stated, the priinary purpose f<>r which 
tlie present cross was made was to combine the high ginning cliaracter of the 
mfjlectAim cottons witli the good staple of the kumpta type of Gosnypium 
herhaceum. 

How far the proportion of lint to seed is a hereditary character is not 
clear from the published reconl of work done on cotton breeding. The only 
worker on the subject who has dealt with this question is Balls, ^ and lui has 
only considered the di.stribution of the lint on the seed. He finds that a regular 
distribution of the lint is dominant over an irregular distribution, but as regards 
tlio amount of lint he ofiers no ex])eriraeiits and makes no statement. The 
matter is, however, in the present case, of vital importance to the utility 
of any plants from the resulting cross. 

The ginning percentage of the seeds from 100 plants of the Oossypium 



neglectum (var. rosea) parent has already been given in a previous chapter 
{page 80), but may be repeated (now calculated for 500 plants) side by 

Loc ciU, p. 145. It has been suggested that the lint index, i.e., the amount of lint per 100' 
seeds, should be used instead of the ginning percentage. There is no advantage in doing this in 
the present case, as the seed weight of each of the two types is practically identical. 
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116 


STUDIES IN INHERITANCE IN COTTON, I 


aide with a similar table for tbe other parent and for 450 plants of the 
resulting cross (Fi) as follows : — 


Ginning percentage 

Dharwiir 
No. I 

lioaea 

F, 

26 .. 

15 



27 . . . . 

90 



2S .. 

28.5 



29 . . 

105 



30 . . 

y 

10 

15 

31 .. 



11 

32 . . 


5 

54 

33 .. 


20 

50 

34 .. 


40 

84 

35 .. 


60 

161 

36 . . 


150 

42 

37 . . 


140 

15 

38 .. 


56 

18 

39 . . 


10 


40 .. 

>1 


10 



The mode and mean ginning percentage in each case is as follows : — 


Name of cotton 

Mode 
per cent. 

Mean 
per cent. 

Dharwar No. I . . . . 

28 

28 

Rosea . . . . 

36-37 

35-1 

F, . . ■ .. .. 

35 

34-2 


It will thus be seen that the high ginning percentage of the rosea parent, 
while not apparently completely dominant, yet gives a progeny which 
approaches it closely in this character, and indicates that it is largely 
prepotent so far as this quality is concerned. 


■iisS. 
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In. tlie F2 generation, the following table shows the number of plants 
with vaiious ginning percentages, the Pi figures being repeated for comparison-, 


Ginning percentage 



23 . . 



24 . . 


13 

25 . . 

26 . . 


20 

11 

27 . . 


22 

28 . . 


31 

29 . . 



30 . . 

15 

72 

31 .. .. .. 

11 

51 

32 

54 

I 41 

33 • • . ' 

50 

82 

34 .. 

84 

24 

35 . , , . ’ 

161 

35 

36 .. ;■ 

42 

30 

37 . . 

15 

19 

38 .. 

i 18 


39 . . 


1 

40 .. 


13 

41 .. 


2 

42 . . 


1 

43 . . 


1 


If, by analogy with the parents, all these plants are considered as having 
a low ginning percentage which have a percentage of 29 or below, and afl 
above this point as having a high ginning percentage, the proportion in the 

various cases considered would be as follows 

Dharwar No. I . . 99 per cent, low ginni ng 

. . 100 „ high ginning 

• • • • 100 „ high ginning 

i's! ■ • .. 25'2 „ low ginning 

74’8 „ high ginning 

The proportion between the plants yielding seeds giving high (above 
29 per cent.) and those yielding seeds giving low (29 per cent, and below) is 
2'9 to 1, almost exactly the proportion (3 : 1) which would be expected with a 
simple Meiidelian pair of characters in which the high ginning character is 
dominant over the low ginning character. 

The results in the F3 generation enable this to be further studied, but 
as the , year of growth was different (1920-21) from that in which the above 
figures were obtained, the records of ginning percentage for the parents and 
Fi cross grown in the same year (1920-21) must be given. 

Dharwar No. I . . 26 to 29 per cent. Mode at 28 per cent. Mean . . 27'5 

Jiosea .. 31 to 38 „ „ at 35 „ „ . 34*3 

1^1 • • • • 30 to 38 „ „ at 36 „ „ . ] 34.3 

The characters of the seeds from the parents and from the Fi generation 
remained therefore substantially identical with those grown. in the previous 
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year. Tlie F3 generation gave results as follows, using seed from tlic liigii 
ginning plants of the ¥2 generation in 14 cases and from the low giiming jilants 
in one case. The records of seed from these fifteen ])]ants are as folh.ws 





Number 

of ]»liUlt.i 

Pro|)( 

I'tiou 


Plant No. 

Seed 

planted 

High 

Low 

High 

IjOW 




ginning 

ginning 

ginning 

ginning 


1 . . . . 

78 

56 

22 

2-5 

1 


2 .. . 

91 

69 

22 

3-1 

1 


3 

8(5 

67 

19 

3-5 

1 


4 ■ ^ . 

74 

61 

13 

4-6 

1 


u . . . . 

90 

88 

2 

1 

0 


(j ^ . . 

73 

. ■ 54 

19 

2-8 

1 

High 

7 . . ' 

, 77 

1 77 

0 

1 

0 

glnniag 

8 .. 

45 1 

1 36 

9 

4-0 

1 

9 .. 

87 : 

(54 

23 

2-7 . 

1 


10 

5(5 

39 

17 

2-3 

1. ' 


11 .. 

6(5 

40 

20 

2-3 

1 


12 

70 

52 

18 

2-8 

1 


13 .. 

76 

72 

4 

1 

1 .. 0 . 


.14 

89 

69 

20 

3-4 

1 

Low 

ginning 

(15 .. 

77 ■ 

3 

74 

0 

1 ^ 


There are evidently two types of plants among those which gave high 
inning seeds in the F2 generation. Nos. 1-4, 6, 8-12 and 14 gave, taken 
together, 3T high ginning plants to 1 low ginning plant. Nos. 5, 7 and 13, 
on the other hand, gave to all intents and pm-poses only plants yielding high 
ginning seeds and appeared to he pure in this character. The progeny from 
the single low ginning plant sown gave substantially pure low ginning seeds. 
So that the records for tliis (F3) generation of the parent cross confinn the 
idea that the high or low ginning characters behave as a simple Mendelian 
character, the high ginning character being dominant over the low ginning. 
This is an exceedingly important result, and leads to a conception that it may 
be possible to combine a high ginning type of seed with one of long staple, if 
the latter proves to be also a Mendelian character. 

The F4 generation grown in 1921-22 has enabled the study of the inheri- 
tance of the ginning percentage, or in other words, of the amoimt of lint per 
seed, to he carried a stage further. The progeny of twenty-four plants of the 
Fg generation has been obtained and studied as follows : — 

(1) Four plants from the progeny of No. 5 and seven plants from the 
progeny of No. 7 in the above table which were presumably 
entirely pure in the high ginning character. 
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(2) Six plants from the high ginning progeny of No. 2 and seven plants 
from the high ginning progeny of No. 14, which gave in the 
.F‘5 generation the Mendelian proportion of 3 high ginning to 1 
low ginning descendants. 

The standard of dow ’ to ‘high ’ ginning character was unchanged from 
that adopted in the previous year, as a further growing of the parents of the 
cross showed, and the results obtained were as follows ; — - 


(1) Pure high ginning ])lants of generation. 




Number of plants 

Proportion 

Plant No. 

Total 
miinber of 
lilants 

High 

ginning 

Loav 

ginning 

High 

ginning 

Low 

ginning 

("1 

49 

49 


1 


1 2 

36 

36 


1 



41 

41 


1 


14 

44 

43 

1 

1 



' 0 • . ■ 

34 

.34 


1 



(1 . . 

.32 

32 


1 



7 ' 

4,3 

43 


1 



8 

4,3 

44 

1 

1 



5) .. . 

41 

41 


1 



10 

70 

70 


1 



11 - 

34 

34 


1 



Thus practically the whole 507 out of 509 of the plants derived from 
those supposed to be pure in this character in the F3 generation have yielded 
purely high ginning seed. The two plants which seem exceptional gave as 
follows: 

Limit of high ginning .. . . 30 per cent. 

1 .. .. .. 28 
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(2) Bigh ginmug plants of tlm Fg generation from parents gieldimj both 
high and low ginning progeng. 


Plant No. 

Total 

Number 

of plants 

Proportion 

number of 
.plants 

High 

ginning 

Low 

ginning 

High 

ginning 

Low 

ginning 

'1 

.. 54 

36 

18 

2-0 

PO 

2 

51 

40 

11 

3-6 

1-0 

3 

49 

38 

11 

3-4 

1-0 

4 

47 

37 

10 

3-7 

1-0 

5 

41 

33 

8 

4T 

i-o 

,6 

43 

42 

1 

1-0 


/ 7 

51 

38 

13 

2-9 

1-0 

8 

31 

22 

9 

2*5 

PO 

9 

26 

26 


ro 


.10 

41 

32 

9 

3-5 

PO 

11 

26 

21 

5 

4-2 

PO 

12 . . 

37 

27 

10 

2-7 

1*0 

,13 

43 

42 

1 

1-0 

PO 


Thi'ee plants have given progeny pure in the high ginning character. 
The remainder Ira ve given descendants with both high ginning and low ginning 
characters in the proportion (on the total) — 

High ginning : Low ginning : : 3T : 1. 

Only three of the plants gave progeny whose proportion W'as seriously 
different from the expected percentage of 3 to 1, These w’ere plants 
Nos. 1, 5, and 11. No. 11 was in a line seriously attacked by wilt, and as in 
the case also of No. 8 it perhaps ought to be eliminated from the comparison. 
The cases of Nos. 1 and 5 are not yet understood, and the seed obtained from 
these plants will need further study. 

But on the whole the important result derived from a .study of the F;( 
generation that the proportion of lint to seed is a simple Mendelian charactei 
seems confirmed, and this sugge.sts more clearly even than before the possibi- 
lity of a cotton type with high ginning character and also long staple. 

One question remains, however. Have the plants, pure in the high 
ginning character, as high a ginning percentage on the average as the high 
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ginning typo of the Fi generation from which they are descended 1 The 
following table gives the result of a study of this point first in the F 3 and 
then in the F 4 generation. 



F 3 generation (1920-21), 


Ginning percentage . 

Pi 

Progeny of P 3 

Plant No. 5 

Plant No. 7 

Plant No. 13 

28 



0 

1 

29 


2 

0 


30 

is 

0 

1 

8 

31 

11 

1 

7 

12 

32 

54 

3 

8 

12 

33 

50 

15 

13 

22 

34 

84 

13 

22 

14 

35 

161 

19 

12 


36 

42 

22 

9 

i 

37 .. .. 

15 

9 

2 

1 

38 

18 

4 

2 

1 

39 


2 

1 


40 


0 

0 


Total 

450 

90 

77 

76 

Mode .. 

35 

36 

34 

33 

Mean ... 

34-2 

34*9 

34-2 

32-3 


F 4 generation (1921-22). 


Gimiing percentage 

Pi 

Progeny of eleven plants 

28 



29 



30 

i 2 

9 

31 

5 

30 

32 

46 

47 

33 

81 

64 

34 

130 

76 

35 

104 

127 

36 

71 

70 

37 

17 

34 

38 

20 

25 

39 .... 

14 

17 

40 


10 

Total 

500 

509 
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Tlic progeny, tiierefore, maintains botli in tlie tliird and {ourtli generations 
of tlie cross tire proportion of lint found in tlie liigh. ginning type of tlie Fj 
generation. 

( 0 ) Length of staple. 


In any breeding of cotton for tbe market, tbe staple of the resulting product 
is one of the three primary considerations. The yield of the crop in the held 
is perhaps the primary consideration for the farmer, the ginning percentage, 
largely concerns the merchant who purchases seed cotten (Icapas), but the 
staple of the resulting lint is what chiefly determines its market value after 
ginning. Hence, fi'oni the beginning, the question of improving the staple 
or of c<jmbiiiing staple with other good qualities has interested workers on 
this question. Thus, as noted above, FJetcher^ studied the question and 
found that length of lint (staple) is a dominant Mendclian clnuacter and this 
opinion was confirmed by Fyson. Balls also agreed cn this point from his 
Egyptian studies, and no account of further investigations has been so far 
published. The .studies whose progress we now record were designed to confiim 
(or otherwise) these ob.servationvS and also to ascertain how far the staple and 
ginning percentage were correlated with one another. 

The staple of the lint from a type of cotton is variable according to the 
part of the seed from which it is taken, and it becomes necessary to define 
exactly how the measurements were made in the present case. The actual 
variations in different parts of the seed in the Dhar war No, I type were discussed 
in a previous memoir, and also the variation from year to year. In the case 
of the other parent (rosea) the variation was decidedly smaller in the different 
parts of the seed, and the variation of the fibres in different years was as 
follows : — 


Dharwtir No. I Eosea 


191t}-20 

lSi2U-21 

1921-22 


In all measurements, therefore, the length of staple was judgetl by the 
fibres from the middle of the seed, and comparisons were only made between 
the produce of plants gi'own in the same season. Eestrictiiig comparisons 


* See Chapter I, page 73. 


itiin . 

22 to 33 
22 to 33 
24 to 30 


]nm. 

12 to 21 

13 to 23 
12 to 24 
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ni tills way tlic following shows the staple oi the two parents and the F, cross 
as grown (1) in 1919-20. (2) in 1920-21, and (3) in 1921-22. 



1919-20 


1920-21 



Dharwar No. 1 

Rosea 

S’! 

Dharwar No. I 

Rosea 


10-12 


20 





13-15 

16-18 

19-21 .. ! 

22-24 

26-27 

28-30 

31-33 

I 60 

180 

210 

60 

115 

335 

30 

■■ i 

60 

225 

155 

60 

2i 

181 

223 

75 

95 

220 

104 

12 

157 

277 

54 


rnitv. 

10-:i2 

13-15 

16-18 

19-21 

22-24 

26-27 

28-30 

31-33 

34-36 

Total 


1921 

-22 


Dharwar No. I 

Rosea 

F, 


30 



80 



162 



218 


i.5 

10 

2 

145 


133 

235 


262 

105 


83 



20 

500 I 

500 

j 

500 


It was evident, in fact, tliat we had consideiabiy different conditions 
prevailing in the three years quoted, 1920-21 and 1921-22 were years more 
favourable to long staple than 1919-20. Wliile in 1919-20 all the low staple 
cotton had a lint length of below 21 mm. and all the high staple higher than 
this, in 1920-21 and 1921-22 the line of demarcation was at 24 mm., all the 
short staple cotton (rosea) being below this, and 96 and 97 per cent, respectively, 
in the two years, of the long staple cotton (Dharwar No. I) being above. The 
mode and mean of the length of staple in the three years was as follows : — 



1919-20 

1920-21 

1921 

-22 


.Dharwar 
No. I 

Rosea 

Dharwar 
No. I 

Rosea 

Dhanvar 
No. I 

Rosea 

Mode of Jcngtli of staplo 

Mean length of staple 

nun. 

30 

28-5 1 

mm. 

IS 

16*8 

mm. 

30 1 

29-2 . 

mm. 

21 

20-0 

mm. 

30 

29*4 

ijim, 

21 

19'2 
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Tlie Fi generation followed tlie length of lint of the long staple cotton 
and gave in the three years the following figures 



1919-20 1 

1920-21 

1921-22 


I?, i 

F, 

Fi 


ram. 

mm. 

nim. 

Mode of length of staplf . . , . 

27 

30 

30 

Mean length of staple 

28*2 

29*1 

29-7 


This showed a staple almost but not quite as long as that of the Dharwar 
No. I parent, and indicates the dominance of high staple over low staple between 
these two types of cotton. 

The behaviour of the cross in the generation was peculiar, and indicated 
that some influence was present wliich prevented the distribution of the staple 
in accordance with what would be expected with a simple Mendclian factor. 
The figures obtained were in fact as follows : — 



1919-20 


F, 

Fa 

mm. 



13-15 . . 


19 

l<)-18 


67 

19-21 


132 

. 22-24 

00 

144 

25-27 

225 

106 

28-30 . . . . 1 

155 

31 

31-.33 .. .. 1 

60 1 

1 

Tot.al . , j 

\ .500 1 

500 


Thus we have 282 plants of long staple (ie., above 21 mm.) and 21 8 plants 
of short staple {i.e., below and including 21 mm.) or a proportion of 1*6 to 1. 

But at this point a reference may be made to the colour oi kumjita cotton 
in general, and to that of Dharwar No. 1 in particular, wliich in this respect 
is like the rest of the variety. The cotton lint, as has already been described, 
is not white, but a dull white with a tinge of red, and this is continued in the 
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Bi generation. But in the F 2 generation the colour segregates, and plants 
appear which give pure wliite cotton, and others which give lint with a deep 
brown tint. The j)roportion of these colours in the F 2 generation is shown 
in the following table. 




Proportion 

(1) No. of plants grown 

500 


(2) Plants yielding pure white cotton 

180 

1*5 

(3) Plants yielding dull white eotton 

200 

1’6 

(4) Plants yielding brown cotton . . 

120 

1-0 


The distribution, it will be seen, does not conform to any simple law, but 
the secret both of the distribution of colour and of the relative proportion of 
long and short staple in the plants of this generation seems to be found in a 
very close connection betw^een the browm colour and short staple in the lint. 
Thus of all the plants yielding brown lint, the staple of the cotton was as 
follow^s : — 


Frequency (1919-20) 

mm . 


13-15 .. .. .. 

14 

16-18 

54 

19-21 

49 

22-24 

3 

Total 

120 


Thus it will be noticed that 97-4 per cent, of the plants yielding brown 
lint also give lint w^hicli classes as short in staple, w^hile of the remainder the lint 
only just exceeded the length necessary to bring it into the longer class. 

Seeing that the correlation between brown colour and short staple is so 
complete, it may be assumed* that the presence of the hrown colour has 
interfered with the normal operation of the Mendelian law’, and that all plants 
which have a brown colour have been necessarily drawn into the short staple 
class. If from the 500 plants of the F 2 generation, the 120 plants which 
give a deep brown cotton are removed, the remainder give a distribution of the 
staple as follows : — 

Plants 

Long staple (i.e., over 21 mm.) 279 

yiiort staple (t.e., 21 mm. or below) . , 101 

This gives a proportion of 2-7 to 1, or very neai-ly the relationship required 
for a single simple Mendelian factor. 

* It is not suggested that this assumption is proved as it has not been possible to follow 
the matter further in the succeeding generations. 
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Tills argmnent could have been tested if in the F 3 generation only brown 
or dull white cottons were taken for further cultivation, Init this could not be 
flouB, and only plants giving pure white coloured lint were grown in this 
generation. As pure white colour in the lint behaves as a, pure recessive 
character, no further complications due to the brown element in the lint now 
arose. 

The seeds from fifteen such plants yielding pure white lint wore vseloctcd 
for growing in the F 3 generation, fourteen from plants yielding long staple, 
and one from a plant yielding a short staple cotton. The results from each of 
these plants as grown in 1920-21 are shown below:— 


1. High stapled plants. 






Proportion 

Plant No. 

Number of 
seeds grown 

Long staple 
(/.e., over 24 mm.) 

Short sta])lo 
(i.c., below 24 mm.) 

Long 

staple 

Short 

staple 

1 .. 

90 

88 

■ 2 

1 


2 

00 

59 

7 . 

1 

0-12 

3 

89 

89 


1 


4 ■ , . . 

77 

77 . 


1 


r> 

7S 

00 

IS 

3’3 

1 

6 

91 

07 ■ 

,24 ' 

2'S 

1 

7 

so 

02 

24 

2’0 

1 

' ' K . ■ ■ . 

84 

07 

17 

3-9 

1 


12 

51 

22 

2-3 

1 

10 

77 

.58 

19 

.3-0 

1 

11 

. 87 

02 

25 

2-5 . 

1 

12 

f)G 

21 

25 

1-2 

1 

1:1 

70 : 

48 

22 

2‘2 

1 

14 

70 

, i 

.59 

17 

3-5 

1 


II. Low slapded ^dant. 
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If plant No. 2 above be eliminated, and possibly also plant No. 12, wiiere 
tlie number of successful plants is small and bence tlie proporticui is likely 
to be unsatisfactory, we have : — 

(1) Three plants apparently pure as to liigli staple. 

(2) Nine plants giving both long and short staple progeny in the propor- 

tion, on the average, of 2'9 to 1, or very nearly the expected 
Mendelian ratio, if long staple is a pine dominant. 

From a plant yielding pure wliite cotton and giving short staple lint, the 
progeny was entirely short staple and pure white. In otln'r w<udvs, both the.s(' 
characters bodiave as pure Mendelian recessive characters. 

It a])pears, moreover, that once the brown coloured cottons are eliminated, 
the staple behaves as a simple Moiidelian character. 

All the plants giving purely what have been called long stajded cottons 
are not, liowever, equal as the following statement of the length of the stabile 
in three such cases showed. 


1 

1 Plant 

1 ■■ 

Plant 

3 

Plant 

4 

lA 

mm. 

22-24 . . 

25-27 .. .. i 

28-30 . . 

31-33 . . 

34-30 

00 1 
25- 
3 

0 

0 

04 

"^0 

0 

0 

25 

42 

8 

12 

157 

277 

54 

0 

90 

89 

77 

500 


ram. 

mm. 

mm. 

mm. 

Mode . . 

25-27 

25-27 

28-30 

30 

Mean 

27-9 

27-8 

29-3 

29-1 


Thus only in plant No. 4 is there no sign of regi*ession. The others show 
decided symptoms of reduction in staple from that reached by the dominant 
parent (Dharwar No. I) or the Fi generation grown in the same year. Exactly 
what this means is not clear, but the study of the F4 generation in 1921-22 
has enabled further light to be thrown on the subject. 

In the F4 generation the whole of the seed produced by twenty-four 
plants of the F3 generation was grown. Of these fourteen were from plants 
(Nos. 1 and 3 in the table on page 126) which in the F3 generation appeared 
to breed entirely true in the long staple character. The remainder, ten in 
number, were from plants (Nos. 5 and 6 in the table) which while giving them- 
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selves long staple cotton, were from parents whicli also gave short staple pro- 
ducing plants. The results are shown in the following two tables : — 

I. Progeny of plants apparently pure in long staple character. 


Plant No. 

Number of 
plants 

Long staple 
(over 24 mm.) 

Short stajde 
(under 24 mm.) 


From Plant No. 1. 


1 

63 

50 

3 

2 ■ .. 

51 

49 

2 

3 

48 

46 

2 

4 

47 

42 

. ' 5 

5 

41 

38 

3 

6 

43 

41 

2 

7 . .. . 

51 

51 

0 


From Plant No. 3.’ 


8 .. 

54 

54 

9 .. 

32 

32 

10 

43 

43 

11 

45 

42 

12 

41 

41 

13 

70 

68 

14 

54 

52 


In the case of the results derived from Plant No. 1 , the proportion of short 
plants seems higher than might be expected, but the whole of those so 
had a staple between 22 and 24 mm. and so really came within the 
of the original long staple parent in the 1921-22 season. If this is 
into account, it may be said that the whole of the progeny of these two 
plants, apparently pure for staple characters in the F 3 generation, prove to 
retain that character in the succeeding year. 

II. Progeny of plants not pure in the long staple character. 



Number of j 

1 Long staple 


plants 1 

(over 24 mm.) 


Short staple 
(under 24 mm.) 


From Plant No. 5. 


1 . .. 1 

49 

37 

2 

36 

29 

3 

41 

41 

4 

34 

27 


From Plant No. (J. 
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We have therefore a splitting taking place. Ncs. 1, % 4, 6 and 7, 8 and 9 
still retain both the long and short staple character, the proportion being : — 
Long staple : Short staple ; : 3’3 : 1. 

This is close to the expected Mendelian ratio. The remainder (Nos. 3, 6 
and 10) are pure in the long staple character and breed true. 

The result, therefore, of these cultures in the F4 generation is to confiim 
the conclusions already reached by a study of the previous one. The staple 
character is hereditary, and provided disturbing characters such as that of 
the brown colour of the lint are excluded the long staple character is dominant 
in these cottons, as was long ago claimed by Fletcher, Fyson and Balls. 

But is there any regression from the standard of the Fi generation ? 
This was, as has already been noted, suspected from the results of 1920-21 
(F3), But this year there is little sign of it as the following cases show : — 



Progeny of 

Progeny of 



Plant No. 1 

Plant No. 2 


mm. 




22-24 .. 

17 

7 

2 

23-27 . . 

139 

121 

133 

28-SO . . 

172 

187 

262 

31-33 .. 

5 

26 

83 

34-36 .. 

0 

0 

20 

Mode ... 

30 

30 

30 

Mean 

28-6 

, 29-4 

29’7 


(H) Correlation between ginning percentage and staple. 

It is always assumed by practical men who are working with Indian 
cottons, that there is a definite correlation between a high ginning type of cotton 
and a low staple and wee versa, or in other words that it is difficult if not 
impossible to obtain a long staple cotton which ha.salso a high ginning percent- 
age. Although there is no direct evidence that there is any necessity for this, 
it is curious to see how nearly all if not all the long staple cottons have, in fact, 
a small ginning percentage, and to this extent the opinion is justified by existing 
fact.s. But the characters of the cross now being studied seem to throw’- some 
light on the question, and hence the relationship between the two characters 
in the F2, F3 and F4 generations may be given. 
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ro%m parent liad short staple and a high ginning percentage, and the Fi 
generation of the cross had long staple and a high ginning percentage. In the 
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F2 generation tiie plants obtained were in the followng proportion, excluding 

the plants producing bi'o\TO tinted cotton referred to above. 


Total number of plants 

.. .. 673 

(1) High ginning and long staple 

.. 391 

(2) ffigh ginning and short staple 

.. 132 

(3) Low ginning and long staple 

. . . . 106 

(4) Low ginning and short staple 

. . 44 


The proportion between these types was therefore 
(1) : (2): (3): (4) as 8-8: 3-0: 2*5 ; 1, 

This is almost exactly the proportion which would be expected if we had 
to deal with two simple characters varying independently, and does not 
suggest any close correlation betweii the ginning quality and the “ staple 
character. The coefficient of correlation works out as 0*05, or in other words 
the characters are varying independently. 

This is confirmed by the behaviour in the F3 generation, where a series of 
plants have been grown from parents which were of high ginning and long 
staple character in the F2 generation, but which contained elements both of 
high and low ginning, and of long and short staple in their genetic composition. 
The relation between the plants of various characters is shown in the following 
table : — 


Plant No. 

Total 

plants 

Number of plants 

Proportion 

H. G. 
L.S. 

H.G. 

S. S. 

L. G. 

L. S. 

L. G. 
S. S. 

H.G. 

L.S. 

H. G. 
S.S. 

L. G. 
L. S. 

L. G. 

S. S. 

1 

7S 

43 

13 

17 

5 

8-6 

2'6 

3-4 

I'O 

2 

91 

51 

18 

16 

6 

8-5 

3*0 

2-6 

1-0 

3 

86 

48 

19 

14 

5 

9-6 

3-8 

2-4 

1*0 

4 

84 

49 

12 

18 

5 

9*8 

2-4 

3-6 

1*0 

, .5 ... 

73 

36 

18 

15 

4 

9-0 

4-5 

3-7 

1-0 

^ ' 6 ' ■ . . i 

87 

44 

20 

18 

6 

8-8 

4’0 

3-6 

1-0 

7 .. I 

70 

34 

18 

14 

4 

8-5 

4-5 

3*5 

1*0 

Total • .. 

569 

305 

US 

112 

34 

9-0 

3-2 

3-3 

1*0 


The proportion on this total is, therefore, as follows 


High ginning and long staple . . . . . . 9*0 

High gimiing and short staple . . . . . , 3*2 

Low ginning and long staple .. .. 3'3 

Low' ginning and short staple .. ,.,1*0,. 


5 
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Tkis again is almost exactly the proportion which -would be expected 
if we had to deal ^^^th two simple characters varying ]iHl(*pen<lently, and 
docs not .sugg(ist any cl(»se correlation between tlw' giindug quality and the 
staple characters. 

The results obtained in the F4 generation are equally in agreenient witli 
this conclusion. In this case four groups of plants were examined, whose 
genetic constitution with regard to the features under consideraticn were 
known from their behaviour in the previous generation. The results of 
growing the progeny of these four groups of plants were as follows 

I. Parents which, in the Fs generation, apjmred genetically ]me in high 

ginning and long .staple chameters. 

Total number of plants . . . • • • 

(1) High ginning and long staple . . . • 332 

(2) High ginning and short staple .. •• 1’ 

(3) Low ginning and long staple .. .• none 

(4) Low ginning and short staple . . • • ^ 

Substantially all gave xn-ogeny pure in the cliaracters carried by the 

plants. 

II. Parents which, in, the F^ generation, wpf eared genetically pnre in 

high ginning character, hut notin staple character. 

Total number of plants .. .. •• 145 

(1) High ginning and long staple .. .• 114 

(2) High ginning and short staple .. .. SI 

(3) Low ginning and long staple .. .. none 

(4) Low ginning and short staple .. •• none 

Low ginning plants are totally absent in the jirogeny and the proportion 

of ■ q. ■ , 

Long staple to short staple is 3*7 to 1. 

This is a little higher than the exjrected ratio, but the number of x-)lants 
involved is small. 

III. Parents which, in the F‘i generaticM, appeared genetically pme in 

long staple character, hut not in ginning character. 

Total number of plants . . . . . . 292 

(1) High ginning and long staple .. . . 221 

(2) High ginning and short staple «. . . none 

(3) Low ginning and long staple ,. , . - 71 

(4) Low ginning and short staple , . » . none 
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Short staple plants are absolutely absent in the progeny and in long 
staple plants high ginning and low ginning are present in the pro portion of 
31 to 1. 

This is inactically identical with the expected ratio. 

IV. Parents ivhicJiy m the Fs generation, appeared genetically pure 
neither in ginning nor in sia 2 )le characters. 

Total number of plants .. .. ..135 

(1) High ginning and long .sta.pie .. .. 78 

(2) High ginning and short staple .. .. 24 

(3) Low ginning and long staple . . . . 24 

(4) Low ginning and short staple . . . , 9 

The proportion between these types was, therefore, 

(1): (2): (3): (4) as S'T: 2‘7: 2*7: 1. 

We are entitled, therefore, as a result of oui' .studies of four generations 
of the cotton cross between pure lines of Gossyjiinm herbaceum (Dharwar No. I) 
and Gossypium neglectum var. rosea to consider that both the ginning and the 
staple characters of cotton are hereditary, and that they behave as genetically 
independent characters. This is a conclusion of very great importance, as, 
if it proves generally true, it would seem to make possible the development 
of high ginning types of cotton with long staple, and if this can be done it will 
bring into the range of probability very much higher returns from many Indian 
cottons . than have hitherto been deemed likely. Such cottons will at once 
satisfy the demands of the cotton trade for a good staple cotton, ainl of the 
cultivators for one which gives a large percentage of lint to the seed cotton. 
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Plates I and III. 


On account of carelessness on the part of the Calcutta Phototype 
Company in printing the final copies, Plate I (two-colour portion) is 
defective but gives an idea of the point illustrated. 

Plate III has suffered so much in the final printing that it is 
useless for showing the range and distribution of colour in the stamens 
and styles. 
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I. INTRODUCTION. 

In India, linseed {Linum usitatissinium L.) is grown entirely for the 
oil in its seeds which form an important item in the export trade. After the 
Argentine, this country takes the second place in providing the world’s supply 
of linseed oil. The chief centres of production are Bihar and Orissa (165,000 
tons), the United Provinces (162,000 tons), Central Provinces and Berar 
(67,000 tons), Bengal (16,000 tons), Bombay (10,000 tons) and Hyderabad 
(8,000 tons).i The total average production of the last five years (1918 -to 
1922) was 374,600 tons. The seeds are exported chiefly from Calcutta and 
Bombay. The most important factor in the distribution of linseed in India 
appears to be the soil type. The crop flourishes best on deep, moisture 
retaining soils in tracts where the temperature of the cold season is 
favourable. 

Although none of the indigenous forms of linseed are cultivated for the 
flax in the stem, nevertheless the possibility of combining the production of 
linseed with the supply of flax and also of the establishment of a fibre industry 


Estimates of Area and Yield of Principal Crops in India, 1921-22. Calcutta, 1923. 
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have been the subject of numerous experiments in India tor the last iiumlred 
and fifty years. The results of tlie earlier experiments are siirained up in the 
Dictionary of Economic Products of India (V, pp. 10-35) while aecoiiiits of the 
recent trials at Dooriah and Cawnpore are published in Bulletiiis 25, 30 and 35 
of the Agricultural Eesearch Institute, Pusa and in the Ayr iculftu'al Journal 
of India,^<^ In these flax trials, seed imported from Eiirojje was employed 
and in many cases a satisfactory fibre was obtained. So far, however, no 
industry has resulted, largely on account of (1) the probable necessity of storing 
the produce during the rains till the temperature falls sufficiently for retting 
to take place and (2) of importing fresh seed for sowing at frequent intervals. 
These difficulties place flax cultivation beyond the means of the ordinary 
cultivator and can only be overcome by capitalists who are prepared to 
purchase the crop from the growers at harvest time m April and to store it 
till the following autumn, at the same time supplying the cultivators with 
suitable seed for sowing every October. Whether such an arrangement 
would work in practice and whether it would be found to be remunerative to 
all concerned cannot be stated with certainty. 

In order to obtain the types of linseed grown in India, samples of the 
various grades of commercial linseed were supplied to us by Messrs. Ralli 
Brothers from their more important buying centres. In addition, a few 
parcels were obtained from the neighbourhood of Pusa and also from some 
of the Government farms in India. The samples obtained were as 
follows 


Table I. 


Trade sani'ples of Indian linseed. 


Name of centre 

Descrqjtion 

By whom supplied 

Sitamarhi 

Darbhanga 

Bettiah 

Patna . . 

Arrah . , , 

Chauri Chaura . . I 
Khagaria , i 

Sasaram 

Bhagalpur , . j 

Small brown . . . . s 

Do. .. .. 

Do. .. 

Two samples — small brown and bold brown . . 

Do. do. do / 

Small bro^vn . . . . 

1 ■ 'Do. .. 

1 Two samples — small brown and bold brown. . 

! Small brown . . . . . . j 

Messrs. Ralli Brothers, 
Calcutta. These are 
the most important 
linseed centres for 
the Calcutta trade 
and are given in 
order of merit as 
regards linseed pro- 
duction. 


* Coventry, B., Mas Experiments in India, Agri. Jour, of India, 1, 1906, p. 192. 

® Burt, B.C., Flax in the United Provinces, Agri. Jour, of India, XV, 1920, p. 610, 
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Table t .~{ contmued ). 


Name oi‘ centre 

Beseriptiuii 

By vlioiu .supplied 

9 

Indore 

Three samplea—yellow, bold yellow and 



brown and bold brown . - . . 



Sa ugor 

Bold broAvn 



Damoh 

Do. 



CawJipore 

Three samples — bold brow'n, medium brown 




and small brown . . . . 



\ j Sutiui, 

Medium brown . . . . 


Messrs. Ralli Brothers, 

. Katni . 

Do. .. .. 


Bombay. These are 

Nagpur 

Three samples — bold vellow and brown, bold 


the most important 


bj'own and medium brown , . 


linseed centres for 

Ahmednagar 

Bold brown .. .. 


the Bombav trade. 

■ ’ Jalna 

Do. .. .. 



E Anrangal)ad 

Do. .. 



, 1 Latur 

Do. 



Ek Barsi ■ .. 

i Do. 



Sholapur 

1 Do. . . 



Sailu 

Do. . . 



f f Sindewahi 

Two samples — white {rambha) and red 



(ghwiMa) 

Superintendent, Govt. 



Farm, SindewaM. 

Nagpur 1 

, Local seed 

Director of Agriculture, 



Central Provinces. 

, ... Hoshangabad 

Two samples — led and white 

Superintendent, Govt. 

if ■ 


Farm, Powarkhera. 

Gurdaspnr 

Local seed 

Deputy Director of 



Agriculture, Gurdaspixr. 

Srinagar 

Two .samples of Kashmir lin.seed 

Director of Agriculture, 



Kashmir. 

'tf Pusa 

Lf ' 

Small brown 

Villagers near Pusa, 


The various samples were sown at Pusa in 1915 and a large number of 
single plants in each were selected and allowed to flower under muslin bags. 
The seeds of these plants were then sown in 1916 and single plants were again 
bagged. This procedure was continued for several years. The elementary 
species which remained after eliminating heterozygotes, were then studied and 
classified. At the same time the pollination of the flower Was examined in 
detail and the amount of natural crossing determined. Some attention has 
been paid to the root system, to the effect of soil conditions on the growth 
of this crop and to the economic aspect. It has been possible to find among 
the types isolated some of great agricultural promise. 

IT. GENEEAL BIOLOGY. 

1. The relation between soil factors and the type of linseed 
*■ cultivated. 

Great differences have been observed between the types of linseed grown 
on the soils of Peninsular India (south of the line of the Ganges and “^^he Jumna) 
and those cultivated on the Gangetic alluvium 
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The types of the Peninsula grow very rapidly at first at Pusa and the 
early formed leaves are large. The plants, liowever, lack vegetative vigour ; 
branching is sparse ; the stems soon become weak and procumbent and the 
early foliage is rapidly shed. This weakness in the stem persists throughout 
the growing period and at flowering time these sprawling plants stand out in 
strong contrast to the vigorous, erect types of the alluvium. The compara- 
tively feeble growth of these forms is associated with very deep root develop- 
ment. All form large seeds rich in oil. 

The varieties from the alluvium grow comparatively slowly at first but the 
stems are strong and rarely become procumbent. They are mncli branched 
and form abundant seed whicli is generally small and poorer in oil than in the 
Peninsular types. There is no loss of foliage and no sign of disease. The root 
-jstem is usually shallow and abundant. In Eig. 1 tlie root svstems of th« 


Fig. 1. Linseed from Central India (left) 
Indo-Gangetic alluvium (right). 
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Tile effect of long continued natural selection on tiie botanical composition 
of a crop is strikingly illustrated by the Indian linseeds. The deep rooted, 
large seeded, rapidly growing types of the Peninsula with few branches are 
admirably suited to make the most of the soil conditions of this tract where 
the surface cracks and rapidly dries and where the crop is dependent on the 
moisture of the lower layers. The growing season is short and soil moisture 
is apt to be a limiting factor. Rapid groudh, few branches and large seeds are 
therefore obvious agricultural advantages. On the strong moist soils of the 
alluvium, where the upper layers are constantly moistened by the rise of 
moisture from the vast sea of underground water which exists about fifteen to 
twenty feet lielow the surface, early flowering combined with poor branching 
would be no advantage. There is ample time and sufficient moisture for 
extensive root development and for the maximum production of seed. This 
is co/ifirmed by the yields obtained when unit species of these two groups are 
grown at Pnsa. Even the best of the Peninsular types never produce the 
Aveight of seed giA^'en by the elementary species of the alluvium. The particular 
type of linseed groAvn in these tAvo areas has obviously been determined by the 
soil factors. 

2. Secondary flowering. 

The effect of the type of root development on the sharpness of ripening 
is another interesting point Avhich arose during the course of these investiga- 
tions. Generally speaking, the varieties in Bihar ripen off sharply and definitely 
during the early part of the hot weather (15th March to 15th April). The 
exact time of ripening depends, as in other crops, on the advent and intensity 
of the hot winds Avhich are prevalent at this season. 

In most of the unit species of linseed, flowering ceases before the first 
formed capsules change colour. The sequence of maturation is as follows. 
The capsules ripen, turn broAvn and dry up first, then the upper branches turn 
brown and finally the main stem and basal branches lose their green colour 
and become dry. In certain types, however, although the capsules turn 
broAvn, the stems and branches retain their green colour and a second groAvth 
begins after the first set of capsules is ripe. The floAvering is not continuous, 
the second floAveriiig only starting after an interval- Such types flower, set 
seed and ripen their capsules in tlie ordinary maimer and then, when the stems 
would normally turn brown, ueAv leaves and floAvers develop. The new groAvth 
and the whole plant eventually dries up owing to the increasing temperature 
and dryross. The young leaves and fioAvers Avith the ripe capsules growing side 
by side are shown in Plate I. The amount of secondary flowering varies iii 


It 

refit 

2-8 

5-0 

t-3 

f*l 

t*8 

1*2 

t-1 

»*4 

l-f 
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different years and appears to depend on tlie amount of moisture in the soil. 
In 1923, a year in which the soil was exceptionally moist and hot wimis were 
absent, this phenomenon was very marked. An examination was made in 
nf,n of the root systems of types growing side by side, some of which ripened 
ofi sharply while the others showed marked secondary lloworing. It was 
foimd in all the oases examined that this secondary development was correlated 
with a deep root-system and active roots were found, mainly at a little distance 
below the surface. The roots in the other type were superficial and already 
dead. The root systems of the.se two types are showni in Plate I in which tbe 
active roots are repre-sented in red. 

In addition to the distribution of the root.s it is probable that some other 
factor .such as longevity is involved. The following eight types exhilntod 
secondary flow^ering in 1923— Types 28, 29, 41, 4(>, 53, 56, 62 and 63. 8ix of 
these are late or very late. 

No definite explanation can yet be given to account for the interval 
between the two periods of flowering. It may either be connected with some 
upward movement of the sub-soil water or it may be that when the first set of 
capsules has ripened off and cease.s to require water, the small amount of 
moisture obtainable by the few active roots is just siifiicient to re-start growth. 
Secondary flowering i.s important from an economic point of view for it is only 
the types which ripen off sharply which give an even sample and are easily 
threshed. 


3. Soil conditions and growth.^ 

Some observations on the effect of changes in the soil conditions on the 
growth of linseed have been made in connection with certain experiments 
originally devised for another purpose.^ The experiments wore carried out in 
pit cultures during 1921, 1922 and 1923. In 1921, « deep-rooted variety 
from Peninsular India (Type 94) was grown, in 1922 and J.923 a much branched, 
shallow-rooted type from the alluvium (Type 12). The effect ou the height, 

^ In this section of the w"ork va.lua,bie help was given by Bfibu Kashi Jlam, Third Assistant 
in the Botanical Section, Pusa. 

Joan o/iudw. Special Indian Science Gongreaa number, 1918. p. aa 

» In pit cultures, small plots, 5 ' x 5', are excavated to a depth of 18" and the soil of all the 
plots is mixed, care being taken to keep the sub-soil and surface soil separate. This soil with 
the necessary additions of leaf-mould and potsherds is then replaced in the pits in as uniform a 
maimer as possible. The pits are tilled before the monsoon and the tirst crop is taken after 
the rain has consolidated them. This method obviates the well-known ditiicultics of pot cultures 
in tropical countries and is the only reliable method of exact field experiment we have discovered 
in a looalitywhere the soil is so variable as at Pusa. 


Ml 
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number of basal branches and yield of the addition of potsherds (to increase 
the seration), sodium nitrate and organic matter is shown in Tables II, III and 
IV. The leaf-mould and potsherds were added to the soil in 1919 once for 
all when the pits were filled. Sodium nitrate is added every year just before 
sowing by sprinkling it on the surface and mixing it with the upper soil. A 
crop of indigo was grown during 1919 and 1920. followed by linseed in 
1921, 1922 and 1923 


Table II. 


The effect of soil aeration and organic matter on the height of linseed. 





1921 

TYPE 34 


1922 

TYPE 12 


1923 

TYPE 12 


•'Soil treatment 

1 


Aveeaoe height 

Ilf CM. 


'E 

Average 

HEIGHT 

nr CM. 

1 

Average height 

ESr CM. 


6 

iz; 

15-12-20. 

10-1-21. 

31-1-21. 

At 

harvest 

*0 

d 

!2i 

At 

harvest 

o 

il 

28-11-22. 

13-12-22. 

At 

harvest 

Control . . 

27 

13-6 

28*9 

44-3 

47*7 

143 

31*6 

98 

9*0 

17*8 

62-a 

Sodium nitrate 4 owt. 

35 

14-3 

29-6 

46-7 

53*6 

143 

61*1 

95 

11*0 

20*0 

65-0 

per acre 











61*3 

Soil + potsherds ^ .. 

36 

12-4 

.2S-8 

44-7 

49*3 

146 

50*0 

98 

9*3 

17*6 

Soil -i- potsherds . . 

37 

13-7 

28-6 

45-1 

ol*0 

145 

50*9 

99 

9*9 

21*4 

63*1 

Soil ^ + potsherds -fs - • 

34 

15-4 

33-0 

47-7 

.53*7 

144 

53*2 

98 

10*8 

21*4 

64*8 

Soil 4- leaf-mould . . 

39 

lo-4 

36-0 

33-4 

36*8 

146 

73-0 

100 

12*8 

23*4 

81*2 

Soil 1 % + leaf -mould s% . . 

38 

lo-l 

37-6 

55‘1 

60*6 

146 

69-8 

28t 

12*7 

23*7 

78*1 

4- potsherds 












Soil 4- leaf-mould ^ . . 

37 

16-2 

37'9 

57’9 

65*1 

j 146 

75*7 

101 

13*0 

24*2 

80-4 

4- potsherds 












Soil 1 % + leaf -mould x% . . 

+ potsherds 

35 

16-2 

37'‘3 

.>0*3 

61*1 

1 143 

i 

76-3 

100 

12*3 

23*0 

79-f 


* This gives the number of plants measured, the actual numher of plants nor clot was 
t This plot was very badly attacked by white ants {TmniUs)- 
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Table III. 


The effect of soil mration and organic matter on the branching of linseed. 



1921 

Type 94 

1922 

Type 12 


1923 

Type 12 


Soil treatment 

a 

Aveeage 

NUMBBB OP 
BEAKCHES 

Uj 

M 

Average 

NUMBEP. or 

BRANCHES 


Average nitmbbe of 

BEANOHBS 


*0 

At harvest 

‘o 
. 6 

At harvest 

*0 

6 

12; 

-- 

13-12-22 

A,t harvest 

Control 

27 

1-4 

143 

6-2 

98 

1‘6 

4-1 

6-4 

Sodium nitrate @ 4 cwt. 

35 

2-0 

143 

7T 

95 

1-5 

4-0 

7-7 

per acre 









■ ■■ ■ 

Soil ^ + potsherds . . 

36 

1-7 

146 

6-8 

98 

1-6 

5-4 

7-5 

Soil + potsherds ^ . . 

37 

2-0 

145 

7-3 

99 

1-6 

5'7 

7‘9 

Soil + potsherds 

34 

2-2 

144 

6-8 

98 

1-8 

5'6 

9'1 

Soil tir -+■ leaf-mould {-^ . . 

39 

4-7 

146 

10-2 

100 

2-7 

91 

11*3 

Soil {s + leaf -mould • • 

38 

4-8 

146 

10-3 

28 

2-8 

9-4 

12T 

-h potsherds iV 









Soil fjT + leaf-mould ■{(, . . 

37 

5-5 

146 

lO'O 

101 

2-8 

8-0 

11-5 , 

4- potsherds 









Soil iV + leaf. mould i"„- . . 
-f- potsherds 1 % 

36 

4-7 

143 

9-9 

100 

2-2 

8-0 

10*8 


m 
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Table IV, 


The effect of soil aeration and organic matter on the yield of linseed. 


1 


1921 



1922 



1923 




I’ypB 94 



Type 12 



Ttpe 12 


Soil treatment 

No. of 
plants 

Actual 

yield 

gms. 

Yield 
per 36 
plants 
gms. 

No. of 
plants 

Actual 

yield 

gms. 

Yield 

IJerl40 

plants 

gms. 

No. of 
plants 

Actual 

yield 

gms. 

Yield 
per 100 
plants 
gms. 

Control 

27 

53 

52 

143 

208 

204 

98 

403 

415 

Sodium nitrate @ 4 cwt. 
per acre 

35 

82 

84 

143 

292 

286 

95 

557 

586 

Soil + potsherds 

36 

76 

76 

146 

207 

199 

98 

413 

421 

Soil -h + potsherds 

37 

89 

87 

145 

238 j 

i 

230 

99 

437 

441 

Soil TB + potsherds tw 

34 

91 

96 

144 

226 

220 

98 

463 

472 ’' 

Soil + leaf-mould 

39 

163 

150 

1 146 

517 

496 

100 

980 

980 

Soil + leaf-mould 

-f- potsherds -jV, 

38 

176 

167 

146 

448 

430 

28 

249 

SS9 

Soil leaf -mould -/b 

-f potsherds f,-,- 

37 

224 

218 

146 

515 

494 

101 

868 

859 

Soil j >5 + leaf-mould 

-j- potsherds .f,f 

35 

177 

182 

143 

413 ! 

' 

404 

100 

847 

847 


144 
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Table V. 

Thh deveiopmad of nitrates in the experimental linseed plots} 




Aloistuic 

?o 

N a, 3 NOj in parts 
per million 

N as 

N 0,5 in 
per' a or 

douikIs 

3 

iioil treatment 

Time of sampling 










0-6" 6"-12" 

12". 18" 

0-6" 

6".12" 

12".18" 

0-6" 

6".i2" 

i2".I8" 


1st week, December 

i2-io 11 -go 

11-87 

31-83 

1-24 

0-79 

43-23 

1-67 

1-08 

dodium nitrate 
@ 4 cwt. per 

1 1920 

1 1st week, Januarv 
1921 

6-32 9-43 

10-21 

33-44 

0-43 

2-07 

45-42 

0-58 

2-81 

acre 

1st week, Februarv 

(>•43 8-30 

8-98 

37-58 

0-42 

0-34 

51-03 

0-57 

0-46 


1921 










Ist week, December 

12’43 11-70 

12-14 

2-75 

1-06 

0-53 

3-74 

1-13 

0-72 


1920 









Control 

1st week, JiimiiUT 
i 1921 

7-19 9-49 

10-38 

2-39 

0-43 

0-43 


0-58 

0-58 


Ist week, February 
1921 

10-19 8-53 

9-93 

1-21 

0-34 

0-17 

1-64 

0-46 

0-23 


' 1st week, December 

11-37 14-32 

13-18 

3-34 

1-7S 

0-81 

i 4-53 

2-36 

MO 


1920 






i 



Soil I'a + pol' 

' 1st week, January 

7-78 11-77 

10-30 

1-08 

0-44 

0-35 

1-47 

0-60 

0-47 

sherds 

1 1921 

1st week, Februa ry 

'«-29 9-62 

10-89 

2-20 

0-31 

. 0-87 

2-99 

0-46 

MS 


1921 










1st week, December 

15-24 18-51 

18-29 

21-28 

26-23 

29-05 

28-9 

35-62 

39-43 


1920 









Soil r'o + leaf’ 

1st week. Janua rv 

' 9-47 13-33 

13-20 

20-45 

19-Sl 

22-19 

27-77 

26-90 

30-14 

mould f\ 

1921 









Ist week, February 

7-25 11-73 

U-4S 

22-72 

29-04 

28-92 

30-86 

39-43 

39-28 


1921 










! 1st w'eek, December 

16-34 I8-.S5 

19-80 

12-22 

18-90 

35-67 

16-60 

25-67 

48-43 

Soil 1 % + leaf- 

I 1920 









mould -!•■ 

1st week, .lannarv 

11-72 16-49 

19-31 

18-47 

13-20 

22-62 

25-08 

17-92 

30-71 

potsherds rw i 

1921 

1st week, Februarv 

10-13 14-15 

16-32 1 

23-22 

lS-67 

22-56 

31-53 

22-35 

30-64 

I 

1921 


1 







Table V shows the amount of nitrogen ]ji‘csent at the depth of 6/' 12/' 
and 18" in the various plots. 

It will be seen that the results of the three years are very eonsisteiil. The 
addition of aerating material causes a small increase in tlie height and in the 
number of branches. The increase in these two characters produced by the 
addition of 30 per cent, of aerating material is roughly equivalent to the in- 

^ These determinations were carried out ty Mr. A. V. iycr with tho kind permission of 
Mr. F, J. Warth, Offg. Imperial Agricultural Chemist, 
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crease produced by the sodium nitrate. Sodium nitrate, ho^vc^’■e^, has a miirh 
greater effect on the yield of seed. The most striking rcsuit is ].)roduccd by the 
addition of organic matter either by itself or in conjunction with aerating 
material. The addition of 30 per cent, of leaf-mould has ])rodiiced an increase 
of approximately 30 per cent, in the height, JOO per cent, in tlie number oi 
basal branches and 250 per cent, in the weight of seed. 

HI. BIOLOGY OF THE FLO^YEB. 

1. Flowering.^ 

The flow’ers open in the early morning and, as a general rule, in all such 
buds the folded corolla is \dsible the evening before. In rare cases, however, 
a flower opens in which the corolla is not apparent the previous evening. 
When the corolla becomes visible, the filaments are .still short and the unburst 
anthers stand well below the slightly twisted stigmas. The rapid growth 
of the filaments, however, soon brings the anthers to the same level as the 
stigmas and this is the position when opening begins. The time of opening 
of the flowers depends chiefly on the temperature and humidity and to a less 
extent on the particular type. On warm mornings and when tliere is little 
or no dew, opening begins very early, while on cold dewy mornings the process 
is distinctly delayed. 

In February 1916, the following observations were made on this point : — 
Table VI. 


Observations cm the time of opening and olosing of the flowers. 


(1) February 9th. A cold day (max. temp. 70®F. ; min. temp. 30®F. ; 
temp, at 8 a.m. 47°F.). 


No. of flower 

; Time of bursting 
of anthers 

Time when 
opening of the 
flower was 
completed 

Time of olosing 
or shedding 
of petals 

Time of re-open* 
ing of the flower 
the following day 

1 

9-59 

1 1-15 

1(3-30 

10-12 ' 

2 

10-00 

10-55 

I«-30 

1 10-13 

3 

9-58 

11-20 

1(5-30 

1 10-11 

4 

9-52 

11-30 

1(3-30 

j 10-10 

ij 

9-50 

11-45 

1(3-30 

1 10-05 


9-52 

12-00 

1(3-30 

KLOS 

7 

9-51 

11-25 

15-40 


8 

9-37 

10-45 

16-30 

1 9-46 

0 

i 9-00 

10-47 

16- ,30 

' 10-02 

10 

1 9-42 

10-58 

16-00 


11 

1 0-39 

11-43 

15-45 


12 

i 9-30 

1 

10-45 

16-30 

1 9-40 


‘ HowfiTfl ji.vH'l ’HViwnrrl. M Munlrx nf tkc. Dent, nf Anri.. Rnt SSrr V inio 
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(2) February 6tb. A warm clay (max. temp. 80°F. ; min. temp, 53°F. 
temp, at 8 A.M. 61°F.). 


Time when 
jpening of tli< 
flower was 
completed 


Time of bursting 
of anthers 


No. of flower 


Thus the opening is not only delayed on cold days but flowers often rc-opeii 
the following morning and the petals do not fall till tlie second day. On 
February, 10th 1916, a very warm day, some flowers began to show signs of 
opening as early as 3 a.m., while on February 9th, a cold day, opening did not 
begin till 7-30 a.m. As a rule the flowers are fully open between 8-15 and 
9 A.M. on normally warm days, and from 10 a.m. to 12 noon on cold days. 
The petals begin to fall on the day of opening and this is generally com- 
pleted by 5 p.M. A few, however, re-open the following morning and the 
number is considerably increased on cold and cloudy days. 

Observations on the flowering and pollination of European forms of X. 
iisitatissimum, grown for fibre, have been published by Fniwirth.^ A very full 
account of the morphology of the flower and of the details of flowering and 
pollination of such varieties has been recorded by Tamrnes.^ The, time of 
opening of the flower appears to differ considerably in Holland and in Bihar. 
Thus Tammes states that in the former country the flowers begin to open at 
5 A.M. and to fall at 10 or 11 a.m. It is unusual to find a single flower after 
noon. She also states that the re-opening of the flower on the following 
day is extremely rare. Apparently the length of time the flower remains 
open is approximately the same as in India — about 5 hours. 

2. Pollination. 

The anthers begin to burst longitudinally when the flower i.s half open and 
at this period they stand at a little distance from the crowded stigmas and 
'Fxu-wivth., G., Die Zuchlungder landw. KuUurpflanzen, 111, lQ22, s. 4:5. 

* Tammes, T., Becueil des Iravaux botaniquea Neirland., XV, 1918, p. 186, 
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often at a slightly higher level (Plate II). A few minutes later when the flower 
is fully open and the rupture of the anthers is complete, they close in on tlie 
stigmas and self-pollination takes place. Thus self-pollination takes place 
automatically by the lielj) of the expansion of the corolla. At a little later 
stage, the burst anthers often fall together forming a cap over the stigmas a 
movement which renders self-pollination a practical certainty. In many 
flowers it was observed that after the anthers begin to burst, twisting of the 
styles occurred which helped to move the burst anthers through 90° thus 
bringing their pollen- covered surfaces close to the stigmas. This twisting 
also brought the Stigmas to a slightly lower level and so assisted the burst 
anthers to fall together and form a cap over the stigmas. In many cases 
these styles untwist after the anther cap is formed, a circumstance which still 
further favours self-pollination (Plate II). 

.3. Cross-I’ertilization. 

Small bees visit the flowers for honey about 10 a.m. While collecting 
honey from the five nectaries, vthey occasionally come in contact with the 
burst anthers and with the stigmas so that cross-pollination is possible. That 
crossing may occasionally take place in India has been proved by a study 
of the cultures obtained from the seed of single j)lants.i In 1916, the seed of 
340 bagged plants was sown of which 334 appeared to breed true. Splitting 
was observed in six cultures only — one gave rise to plants with flowers of 
different shades of blue while five cultures produced plants differing in habit 
of growth. In 1917, the seed of 233 bagged plants wms sown. All seemed 
to breed true except one which split as regards habit and flower colour. In 
1918, the seed of 232 bagged jilants was sown all of which appeared to breed s 

true. These observations indicate that in the field crossing is more frequent , -j ; . [ 

than would be suspected from a study of the flower. That this is so was 
confirmed by the results of sowdrig separately the uubagged seed of all the 
cultures raised in 1917. In these 233 cultures, stray plants were found iip-^*. 
five cases as follows . ^ 

No. 1 (white flowers). Two blue-flowered plants appeared which next - ’ 
year gave 84 blue and 32 white flowered plants in one case and ] 29 
blue and 34 white in the other, or a total of 213 blues to 66 wliites. 

No. 23 (white flowers). One blue-flowered plant occurred which gave 
next year 52 blue-flowered and 12 w4nte-flowmred plants. 

No, 165 (white flowers). One blue-flowered j^lant was found which next 
year gave 84 blue-flowered and 19 white-flowered offspring. 

For previous observations on the occurrence of natural cross fertilization at Pusa see 
Mem. of the Dept, of AgrL, Bot^ Ser.^ lllf 1910, -p. dW, 
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^ No. 170 (pale blue flowers). One dark-blue flowered plant uppearetl 

i wliicli split as regards shape of petals, colour of pollen (white or 

ii yellow) and colour of petals — wdiite and shades of blue from 
very pale to very dark blue. The ratio of total l^lues to wJiiles 

s was 264 ; 7. 

' No, 217 (blue flowers). In this, three pale blues ap])eared which split 

next year into 8 blue and 348 pale blue, 4 blue and 133 pale blue 
i and 4 blue and 270 pale blue. 

’ A similar experience occurred in 1918. In 232 cultures from unbagged 

; seed, a total of 15 stray plants were found in nine of these cultures. In 

|i all probability many of these were natural crosses. 

;; These examples are sufficient to show that natural crossing is more common 

in Indian linseed than would be suppo.sed from a study of the flower. The 
’ eases are sufficiently numerous to make it clear that in exact work with tiiis crop 

' all seed must be raised under bag. This dues not interfere with setting and us 

I far as our observations go there is no falling off in vigour produced 

ij thereby. 

The mode of pollination of the European cultivated forms of linseed has 
5 been described in detail by Fruwirtld who found that self-pollination is tJie 

; rule and that good setting is obtained under bag without loss of vigour in the 

succeeding generations. Less produce per plant is however obtained under 
I bag than from free flowering plants. Vargas Eyre and Smitli^ have recently 

fj paid some attention in Great Britain to the mode of jmllination in various 

species of Linwni and sum up their results as follows The flaxes are some- 
I times regarded as ‘ selfing ’ so readily that there is small elm nee of cross- 

I j)ollination being effective. It seems quite clear, liowever, from the foregoing 

I observations that this is not always the case and doe.s not apply to the varieties 

of L. ' eominonly grown and this view receives support from the 

:| fact that dimorphism occurs among the species of Linum, It is noticed that 

I the pollen is somewhat adhesive in cliaracter and is produced only in relatively 

-I small quantities and it seems highly probable that the crossing which takes 

j place is almost entirely caused by the insects which may be observed visiting 

I the flowers freely.” Bateson, ^ in experiments at the John Innes Horticultural 

I Institute, found self-pollination to be the rule. Tammes^ also records the 

' occurrence of cross- fertilisation but states that it is infrequent. 



^ Fruwii-th, Die ZUchtimg <ler landw, Kulturpflanzeii, III, 1922, «. 45, 
® Eyre, J, V. iind Smitli, G., Jour, of Genetics, V, 1916, p. 189. 

• Bateson, W., Jour, of Genetics, V, 1916, p, 201. 

* Tammes, T., Mecueil des iravaux hot. Neerland., XV, 1918. 
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Partlieuocarpy lias been observed in L. usitatissimum by Tammes^ 
especially wliere species hybridization was attempted. Parthenogenesis does 
not appear to occur. 

IV. CLASSIFICATION AND DESCRIPTION OF THE TYPES. 

The examination of the Indian linseed crop has revealed a surprisingly 
large number of forms. These differ mainly in the amount and tone of the 
colour on the various organs of the flower. This colour (which is always some 
shade of blue or purple) is found on the filaments, anthers, styles and stigmas 
in addition to the corolla. Thus the filament may be entirely white or may be 
partly coloured, the tone varying from the palest blue to the deepest purple 
and the colour may be present in amounts varying from a small dot 
immediately below the anther to a coloration of the whole of the upper half of 
the filament. Similarly the amount of colour on the .style may vary from a 
few blue lines to a complete deep blue coloration even extending to the 
stigma. Pure line cultures during a number of years have shown that the 
types breed true to minute differences of colour on the essential organs and 
that these can be safely used for classification purposes.^ 

It has not been considered advisable to make use of the European 
varieties proposed by Alefeld.^ In the first place, the short, much branched 
Indian linseeds form a group quite distinct from the tall European forms. 
Secondly, the meagre descriptions which ignore the colour on the essential 
organs would make any assignment of doubtful value. The Indian linseeds 
have, therefore, been considered as a separate group and a classification 
based on easily recognizable morphological differences is given in this paper. 
The 121 elementary species isolated fall into 26 varieties. The characters 
used in differentiating the varieties arc the colour of the seeds, corolla, 
filament.s, anthers and styles and the size of the seeds. In general, it is a 
somewhat doubtful procedure to use size differences as varietal distinctions. 
The differences in the size of the seed in Indian linseeds are, however, so 
well marked that they form the basis of the commercial classification, which 
recognizes three classes — bold, medium and small. The types have been 
separated in the first instance by differences in the amount and tone of colour 
of the filaments, anthers, styles, stigmas and seeds. Habit differences, which 
naturally depend on environment, have only been used as a last resort. 

^ Taiamea, T., Itemeil des Iramux hot. Netrland., XV, 1918. 

- See also Tammes, T., Jour, of Genetics, XI, 1922, p. 20. 

^ Alefeld Landiv. Flora, jj. 102. We are much indebted to Dr. Carl JFruwirtb, Professor 
at the Technische Hoehschule, Vienna, for a transcript of these descriptions as the book was 
unobtainable in India, 
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1. Notes on the ohaeactees. 

Eabit. The general habit depends on three things— -the height,, the 
mode of branching and the foliage. The heights of the various unit species 
in 1923 varied between 41 and 71 cm. and as a general rule this character 
is not greatly influenced by the environment. Very tall forms, such as 
those grown in Europe, are not represented among the indigenous types. 
The Indian forms branch both from the base and also at a point higher 
up on the stem. The basal branches may be crowded giving an erect, 
compact appearance to the culture or they may be spreading when the 
plants possess an open habit of growth. As would be expected, the amount 
of branching is not constant but varies greatly according to the fertility 
of the soil. The potential branching power of a type is, however, a 
definite inherited character. In 1921, the average number of basal branches 
varied from two to fourteen among the 121 types when grown under equal 
conditions. The leaves in all cases are linear with smooth surfaces. In 
1921, the length varied from 2*2 to 4-3 cm. and the breadtli from 0*2 to 
0’7 cm. There is some range in the colour of the foliage from green to 
bluish green but this is not considerable. 

Period of growth. The types show very great dilierenees in the length 
of the growth period and these differences can be utilized in classification. 
The seeds of the earliest kinds are nearly ripe before the late ones begin to 
flower. In 1923, the earliest type began to flower 47 days, the latest 81 days 
after sowing. 

Floivers. There is a considerable range in the size of the flowers of the 
types, in the degree of opening and in the details of colouring. The petals 
vary from sub-linear to broad in which the length and breadth a re equal. They 
fall into two classes— those with narrow and those with broad petals. The 
differences in the expansion of the flower between the types is considerable. 
In fully opened flowers with narrow petals, a certain amount of space is left 
between the petals whereas when the petals are broad they overlap forming a 
continuous corolla. The amount of opening of the flower also varies. There is 
every gradation between fully opened flowers and those which are only half 
open. A further complication occurs through the incurving of the edges of the 
petals or the folding of the whole petal. Although the amount of opening of 
the flowers and the degree of folding of the petals varies to some extent with 
the weather, nevertheless these differences are also characteristic of the types. 
The differences in flower colour depend on the general ground coloui' of the 
petals and also on markings which spread in a fan-shaped form from the base 
of the petal. These markings are due to the presence of a dark colour in the 
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veins, mostly in t)ie lower part, of the petal. In some llowers, as in 'JVpe 4 
these are of the .same colour as the petal and therefore ineonspiouou.s ■ in 
others, they are Asrker in colour than the petal and are, therefore, eonspi- 
ouons. Tins is particularly the ca.se in Types 1, 2 and 3 where the markings 
are violet and the petals are white. In the corolla two colouns-bhie and 
pnilc -exist, 111 varying proportions. The petals may be 

(a) White -opaque pure white or semi-transparent bluish white 
(l>) Pale blue -in which case the pink colour is absent or else very 
laint. 

(c) .Blue— in whieh case blue is predominant but with the pink .factor 
present, ore is a considerable range in blues. 

(dj Violet. 1,1 these, pink predomiimtea .although blue is also present. 

Tlie violet tones range hom a blnfah pink to a decided purple. 

Tlie pricscncc of both blue and pink can be seen by the naked eye 
Tammesi, in a series of investigations, the results of which are summed up 
in a recent j>,aper published in the ,7 ouriMl of Genetics, has identified six factors 
which iiifluern'c the colour of the corolla. .She l,a.s also been able to isolate a 
lorm witli a, pink corolla. This is not represented in India. 

The various parts o£ the stamens, including the pollen 
exhibit interesting colour difterences. The filaments are either white or white 
with various amounts of blue or purple. The colour may occur on one side 
of the filament only or may be diffused over the whole surface. In the latter 
case, various stages from a ring just below the anther to a complete coloration 
oi the upper half of the filament can be found. Similarly, in the former case 
the amount varies from a dot immediately below the anther to a strip half tL 
length of the filament. AH stages of colour from pale blue throiigli blues 
(including bright blue) to purple are represented. There is a similar range of 
colour in the anthers but these appear to show no eonneetion with the colour 
scheme ol: the filament. The anthers are either white or white with a blue line 
or blue. Blue anthers may occur with white or with purple filaments. 
Examples ol the various combinations may be seen in Plate HI. The 
combination of pale blue anthers with purple filaments presents a very 
striking appearance. ' 

^ The pollen appears white or of various sliades of yellow but this difiiereuce 
13 accentuated by the colour of the anther. A blue anther wall lessens the 
yellow appearance while a white wall intensifies it. This character has there 
tore, not been used in the classification. No blue pollen such as occurs in the ■ 


* Tammes, T., Jour, of Oenetics, XII, 1922, p. 19. 
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Miiropr.ai f<M-in.s ])e{ui ohserved. Tii a ]>a{)or by T;uninoF;^ it is st.ntef] : 
"lu till* i)luo niiUic.r, liuwvor, both wall and ixdbm aiv bki('. Wlu'tlu'r llaav 
ui’i' t'nrms in whicli the polltni is yn^llow and tbe- wal! blue or iin^ polltni blue 
;mil ilia wall <‘(/l(Hirl(iss 1 hava iint yat invcsligatad/' 'Flu* huliaii linstM.'ds 
i*iva a larG;a nninbar of axample.s of tbo J'orinar (pollan yi'llow. wall blmd but 
liona of ilia hutar (‘onibinalion (pollan bbia, wall aolonrb'ss). In Ilia prasmit 
papi'r, tlia fenu ‘ anUiai' bbia ’ refers only to tlia eoloiir of tlia widl of tlia 
antlier. 

(tjjnmiaiH. The styles are eitlier white or white with varying nTnomds of 
blue or purpile. In contrast with the filaments the colour always s])rea(i,s 
from rbe base upwards. The range is shown in Plate ILL 

The stigmaiio surfa.aes are either white or purple or white tingyd witli 
varying amounts of pink or purple. The eolour of the stigma is bi'st scam under 
a hms when the llowers are receptive. This is a, somewhat (iillicult chai-aater 
To determine as it changes with the age of the flower, d'he sligma is nevtu' 
coloiireil if the style is white, neither is a deep purple stigma ever found with a 
pale blue style. It may be said generally that the intensity of the colour of 
the stigm.a is always less than that of the stylo. 

Se(?ds, The seeds vary in colour from jnire yellow to brown. Two grades 
of yellow — pure yellow and yellow with a browiiisli tinge — and two grades of 
fawn can be distinguished. These facts and tlie occurrence of various degrees 
of brown suggest that several factors are likely to be involvi'd in ])rodueing 
the deepest shades of brown. Tammes^ states that tlie brown eolour of the seed 
coat is produced hy a comxjlex of characters and that the yellow a.j)pea.ranee 
of the seeds is due to the yellow colour of the cotyledons appearing through 
the colourless and transparent seed coat of tliose forms. Largo seeded types 
occur in all these colours but the medium and small types are only associated 
with a brown seed coat. Investigations have shown that proliably several 
factors are concerned in the determination of the size of the seeds.'* 

Correlations. It is of interest to see what evidence is aUbrded by this 
collection of linseeds on the question of correlation as regards colour among 
the parts of the flower. The following table shows that the colour of the 
corolla can be ecpially well associated with coloured or with wliite filaments, 
anthers and styles. 5\Tiether this independence is only apparent and is due 
to the presence of inhibiting factors in the various parts can only be deter- 
mined by investigation of the genetics of this species. 

^ Tamiaes, T., /owr. o/<3'e?ieiic5, XII, 1922, 1 ). 19. 

* Tammes, he. cit. 

» Tammes, T., Bee. dea. travam boU Nedr, VXIl, 1911. 
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A wliiio fiovolla may i>(' with- 

white oc blue filaments 
wliite or bine anthers 
M'liito or blue styles 
yellow, fawn or brown seeds 
ftinall or bold seeils 


A bine corolla may be present with— 
white or blue filaments 
wliite or blue anthers 
white or blue styles 
fawn or brown seeds 
small, medium or bold seeds 
A lilac or purple corolla may be present with— - 

blue filaments * . 

bine or white anthers 
blue style 

fawn or broivn seed 
small or bold seed 


It is proijalilj a eliance that no medium-sized seeds are associated with 
white or lilac corollas as both small and bold seeds occur. The association of 
yellow seeds with a white corolla only may be also a coincidence as 
Tammcsi has found bine-flowered, yellow-seeded linseeds. No connection 
can be traced between the colour of the anthers and that of the filaments and 
styles. White and blue anthers are found associated with both blue and white 
filaments and blue and wdiite styles. White filaments occur with both white 
and blue stylos. Blue filaments only occur with blue stjdes but this may 
l>e accidental. A correlation which wall probably be found to be a true one is, 
hovyever, the association of a coloured stigma only with a coloured style. 
In general, the examination of these Indian linseeds would point to the in- 
dependence of the colour manifestations on the various parts of the flower. 

2. Key to the Indian varieties oe L. dsitatissimum* 

I. Seeds yellow. 

1. Corolla white. 

A. Anthers white. 

(a). Filaments blue, 
a. Styles blue. 

(1). Seeds bold, 
var. luteum. 

Types 1, 2, .% 


Tamraes, T,, Joiir. of Genetics, XII, 1922, p, 19, 


Oarrelation of characters. 
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ils Seeds fawn coloured, • 

1. GoroIIa whiter 

4. Anthers wliite, 

(a). Filaments blue. 

«. Styles pale blue, 
ni. Seeds bold* 
var. lutescens. 

Types 4, 5* 

2, Corolla light blue. 

^ A. Anthens blue. 

(a). Filaments pale blue. 

H. Styles pale blue. 

(1). Seeds bold, 
var. indicurn. 

Type 6. 

3„ Corolla blue. 

A, Anthens blue. 

(a). Filaments blue. 

«. Styles blue. 

(1). Seeds bold, 
var. cyaneum. 

. n . Types 7, 8, 9, 10. 

4. Corolla deep purple. 

A. Anthers blue. 

(a). Filaments blue. 

Styles blue. 

(1). Seeds bold, 
var. 'purpumimh 

III# Seeds brown, H- 

1 Corolla white. 

A. Anthers white. 

{a). Filaments white, 
a. Styles white. 

(1) . Seeds small. 

var. albidum. 

Type 12. 

(2) , Seeds bold, 

var. album* 

Types 13, 14. 
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B. Anthers blue* ’ 

(a). Filaments white, 

-j. Styles white* ' 

(1). Seeds small. 

var, albocceruleum. 
Type 15. 

2, Corolla light bine. 

A. Anthers white* 

(a). Filaments blue. 

« Styles blue, 

(1). Seeds medium in size, 
var. officinale. 

Types 16, 17, 18* 

Bs Anthers blue. 

(a) . Filaments white. 

«» Styles white. 

(1) . Seeds small, 

var. hengalense. 

Types 19, 20. 

(2) . Seeds bold. 

var. agreste. 

Types 21,22. 

ft. Styles pale blue. 

(1). Seeds small, 
var. meridionale. 

Type 23« 

(b) . Filaments blue. 

«. Styles Idue. 

(1) . Seeds small, 

var. gangetiou/m . 

Type 24. 

(2) . Seeds medium in size* 

var. laxmn* 

Types 25, 26. 

(3) . Seeds bold* 

var. prmcox. 
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3. Corolla blue. 

A. Anthers white. 

(a). Filaments white. 

* tt. Styles blue. 

(1). Seeds small, 
var. pratense„ 

Type 28. 

ih). Filaments blue, 
a. S^-yles blue. 

(1) . Seeds small. 

var. minor. 

Types 29, 30, 31, 32. 

(2) , Seeds bold. 

var. herhaceum. 

Type 33, 

11. Arithers bluca 

(f/). Filaments white. 

«. Styles blue. ^ 

(1,. Seeds small, 
var. 'pidcJirmn. 

Type 34. 

(2) . Seeds medium in size. 

var. cwmim. 

Type 35. 

(3) . Seeds bold. 

var. bicolor. 

Type 36. 

(6). Filaments blue, 
a. Styles blue. 

(1). Seeds small. 



var. commune. 

Types 37 to 62. 

(2) . Seeds medium in size. 

var. campestre. 

Types 63 to 80 

(3) . Seeds bold. 

var. oulgatum. 

Types 81 to 117. 
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4. Corolla purple. 

A. Anthers white. 

(a). Filaments blue. 
a. Styles blue. 

(1). Seeds bold, 
var. tinctorium. 

Types 118 to 120. 

B. Anthers blue. 

(a). Filaments blue. 

«. Styles blue. 

(1). Seeds small, 
var. satimm. 

Types 121 to 123. 

3. Description and key to the Types. 
var. LHTETJM. 

Seeds yellow, bold. Corolla u-hite witli violet markings. Stamens 
anthers white, filamciits blue. Styles blue. 

1. Seeds pure yellow. 

Type 1. Early, most of the branching at the base giving an open 
habit ; average height 49 cm. Foliage light bluish green. Flowers 
veiy large, open ; petals broad ; filaments upper lialf blue ; 
styles blue at the base, wliite above, stigmatic vSiirfaces white 
witli a pink tinge. 

2. Seeds yellow with a brownish tinge. 

Tvi'E 2. Very early, spreading, a medium amount of branching ; 
average iieight 50 cm. Foliage light bluish green. Floivers large, 
open ; pedals broad ; filaments upper half blue ; styles lilue below, 
wliite ahoYC, stigmatic surfaces white with a ])ink tinge. 

1’ype 3. Mialium in maturity, a medium amount of branching, opeji 
in habit ; average height 50 cm. Foliage light bluish green. 
Flowers very large, open ; petals broad ; filaments upper half blue ; 
styles blue below', wdiite above, stigmatic surfaces white with a {fink- 
tinge. 

These two types dilfer in the time'’of maturity and in the sizie of the ilowei'. 
var. lutescens. 

Seeds I -AW V colon bold. CWoKw wdiitc with violet niarkiiigs. Stamens 
anthers white, filaments blue. Styles pale blue. 
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Type 4. Early, Eabit spreading; average height 48 cm. Foliage 
light bluish green. Flowers very large, very open ; petals not very 
road ; filaments upper third very pale blue : styles pale blue at 
the base white above, stigmatic surfaces white. Seeds lighter in 
colour than in Type 5. 

Type 6. Medium in maturity, a medium amount of branching, open 
in habit ; average height 50 cm. Foliage liglit green. Flowers 
large, \ ery open ; petals very broad ; fi laments upper third very 
pale blue , styles pale blue at the base, stigmatic surfaces white. 
r}'pe t is earlier than Type 5, the flowers are larger and the petals less 
broad with the markings less distinct. The seeds of Tyjje 4 are also lighter in 
colour. 

var. INDICOAI. 

Heeds lawn coloured, bold. Vorolla light blue. Stamens aiithers bliuL 
111 aments pale blue. pale blue, 

-Upe U. Early, a good deal of branching from the base, open in 
luibit; average height 49 cm. Foliage lighl green. Flowers 
medium m size, open ; petals narrow ; a clear blm,; of a light toju' 
with very little pink colour present ; lilamcnts upper third jiahi 
blue ; styles very pale blue, stigmatic surfaces white. 

var. OYANEUiM. 

blaeXSiri""'’ 

T™ 7. Medium in maturity, a cortaiu amount of brandling from the 
Kiae, habit (ivcft; average liciglit ■!!, em. iWwsc light liluisii 
green. Fhwa, fairly largo, open; petals l.roml somewimt cleep 
blue; filaments upper third pale Ijlue.tlie colour mostly on one 
side; anthers pale blue; styles pale blue; stigmatic 'surfaces 
^ ^ ^ white with pinlr tips. yellowish in tone. 

li'PE 8. Karly, a good deal of braiiehiug both above and below, habit 
open but crowded ; average height d7 cm. Foliage light green, 
«oiccra medium-sized, open ; petals narrow, a medium de.,.,, 
hue; hlaments upper half blue; styles blue, stigmatic surfaces 
white, tips pink. 

Ti'PH 9. Medium iu maturity, very little branching fioni the, base, 
soinewhatspreaduigin habit ; average height d.? em. /'V,/%e bluish 
green. Fioarn medium in size; petals broad, somewimt deep 
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blue 5 filaments upper third blue ; styles blnej stigmatic surfaces i 

a tinged with pale purple. I 

u Type 10. Early, a medium amount of branching below, habit open 

I average height 46 cm. Foliage bluish green. Mowers medium ; 

to small, not quite open; petals narrow, deep blue; filaments ■; 

upper third bright blue ; styles bright blue, stigmatic surfaces and 

tips purple. I 

These four tyj)es can be most easily distinguished by the depth of colour i 

j OH the anthers, filaments and styles. In Type 7 this is pale blue, in Types i 

8 and 9 blue and in Type 10 bright blue with purple stigmatic surfaces. ? 

3 lypes 8 and 9 can be separated by the breadth of their petals. ^ 

4 ^ var. PURPUREUM. | 

■'■'f ' ■■■'■' I 

! fawn coloured, bold, CWiZn- deep purple. anthers blue, 

filaments blue. ^Styles blue. 

T’ype 11. Early, a good deal of branching from the base, habit very f 

open and spreading ; average height 43 cm. Foliage light bluisJi 
f# green. Flowers medium in size, not very open; petals very I 

narrow ; filaments white except for a minute amount of blue 
colour just l)elow the anther on one side only; styles deep blue 
thronghout, stigmatic surfaces pale purple with deep purple tips. 

var. ALBIDUM. 

Heeds brown, small. Corolla white with light markiug.s. Hlamem antliers 
white, filaments white. Hti/ks white. 

Type 12. Eatc, much branched, very erect, crowded and compact hi 
^ habit; average height 53 cm. #0?%^ dark green. small, 

do nut open well; petals very narrow, tinged with blue ; styles 
white, stigmas wliite, 

var. ALBUM. 

Heeds brown, bold. Corolla white. Htamens anthers white, filaments 
white. Styles white. 

El* Eate, a small amount of branching below, a great deal 
above, habit erect, crowded and compact ; average height 55 cm. 

Foliage, dark green . Flowers small, never open fully ; jietals \X'rA- 
Jiarrow ami never .shed, an opaque white, raarking.s not ver\^ 
i * apparent ; filaments, styles and stigmas white. 

Type 1 1, Medium in maturity, a small amount of braiicliiiig below, 
a great deal above, habit somewhat spreading and open ; average 
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height 60 cm. Foliage bluish’^greeo. Flowers medium in size, 
open fully ; petals thin, easily shed, white with a bluish tinge, 
markings faint but distinct, very narrow with very wide spaces in 
between ; filaments, styles and stigmas white. 

var. ALBOCCEEULEUM. 

tSeeds brown, small. Corolla white with light markings. Siamens anthers 
blue, filaments white. white. 

Type 15. Somewhat late, much branched, erect and very compact 
in habit; average height 62 cm. Foliage light green. Flotvers 
medium in size, mediuinly open ; petals broad ; styles white, 
stigmas white, 

var. OFFICINALE, 

Seeds brown, medium in size. Corolla pale blue. Stamens anthers wJiilc, 
filaments blue. Stgics blue. 

Type 16. Medium in maturity, a good deal of l>:rauchiug l)oth al)Ove 
and below, habit somewhat spreading ; average height 51 cm. 
Foliage light green. Flowers small, mediumly open ; petals 
narrow, with much space in between ; filaments with a. very 
small amount of pale blue colour on one side ; styles blue, stigmatic 
surfaces ]jale jmrple with purple tips. 

Type 17. Medium in maturity, very little brandling below but a 
great deal aliove, habit erect, crowded ant! compact- ; average 
height 57 cm. Foliage light green. Flowers small, Iia-lf open ; 
petals narrow; filaments upper third bright blue; styles blue, 
stigmatic surfaces pale purple, tips purple. 

'PYprii IS. Late, a fair amount of brancluiig lidow, babit spreading 
with an open top ; average lieiglit 48 cm. Foliage dark green. 
Flowers large, open ; petals broad ; filaments upper tliirt! blue ; 
styles blue, stigmatic surfaces white. 

lu Type 18 the petals are broad, in Types 16 and 17 narrow. T'liese two 
tyjies can b(j distinguished ]>y tlie amount of colour on the filanients. In 
Type 16 the filaments are almost white, in Type 17 the upper third is blue. 

va,r. BENGALENvSE. 

Seeds brown, small. Corolla pale blue. Stamens anthers blue, filamouis 
white. Stj/les white. 

Type lU. Late, much branehed, habit very erect, crowded and 
compact ; average height 55 cm. Foliage light green. Flowers 
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medium sized, mediumly open ; petals narrow, pale blue, u good 
deal of white at the base, markings very faint ; styles wliite, 
stigmas white. 

Iype 20. Early, a medium amount of branching, habit open ; average 
height 54 cm. Foliage bluish green. Flowers medium sized, 
mediumly open ; petals broad, pale blue, darker in tone than in 
Type 19 but with less white at the base, markings more distinct ; 
styles white, stigmas white. 

These two types can be distinguished by the breadth of the petals which 
are narrow in Type 19, broad in Type 20. 


Seeds brown, bold. Corolla pale blue. Stamens anthers blue, filaments 
white. Styles white. 

Type 21. Very early, much branching both below and above, habit 
open blit erect ; average height 50 ciii. Foliage somewhat light 
green. Flowers small, do not open fully ; petals narrow, lavender 
coloured, markings very faint; styles and stigiiiatic surfaces 
white. 

Type 22. Early to medium in maturity, a good deal of branching 
below, a great deal above, habit soniowhut s[)reading ; average 
height 4(j cm. Foliage light green. Flowers medium in size, 
mediumly open ; petals broail, pale blue but deeper in tone than in 
Type 21, markings faint but distinct ; styles andstigmatic surfaces 
white. 

In Iype 21 the petals are narrow and lavciider-eoloured. In Type 22 
broad and pale blue in colour. 

var. MERIDIONALE. 

Seeds brown, small. Corolla pale blue. Stamens anthers pale blue, 
lilaments white. Styles very pale blue. 

Type 23. Very late, much branched, habit erect, compact am! 
crowded ; average height 63 cm. Foliage dark green. Flowers 
medium in size, open, with a space between the narrow petals 
which are pale blue with distinct markings ; styles very pale blue 
at the base only, stigmatic surfaces white, 

var. GANGETIGUM. 

Seeds brown, small. Corolla pale blue. Stamens antljers blue, lilaments 
pale blue. Styles blue. 
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Type 24. Late, a mednim anioiint of brancliiiig, ereet, crowded and 
compact ; average heiglit 57 cm. Foliage dark gre('D. Flowers 
large, almost open ; petals very narrow and cui'led at tlie edge, 
pale blue with practically no pink colour, markings distincf’ ; 
iiiaments upper third pale blue; styh's ])luc, stigma lie surfaces 
white. 

var. LAXUM. 

/SW.9 brown, medium in size. Corolla pale blue, fitamens anthers jtale 
blue, filaments pale blue. Styles blue. 

Type 25. Medium in maturity, a little branching below, a great deal 
above, habit spreading and open ; average height 51 cm. Foliage 
bluish green. Flowers medium in size, nu'diiimly open ; petals 
narrow with .spaces in between, very pal(‘. bine with a, faint pink 
tinge, markings distinct l.nit not prominent; lilameiils with a 
small amount of blue eoloiir immediately below tin; ant her ; styles 
pale blue, stigmatie surfaeos and tips wbii('. 

Type 20. Medium in maturity, a great deal of brajuliing bedh above, 
and below, luibit s[)readii)g and (jpen ; average lieight 55 cin. 
Foliage light green. Floivcrs large, open, (;olour [)ale blue with a 
jdnk tinge but dee])er in tone than in Ty})e 25 and with nion* [uorni- 
nent markings, petals broad ; lilaments witli a small ainoiml; of pale 
blue colour on one side at a little distance*, below tiu*. anthers * 
styles white with blue lines, stigma ti(? surfaces white, tips pink. 

In Type 25 the petals arc narrow and the styhis ])ale blue, in Type 20 
the ])etals are broad and the styles white with blue lines. 

var. PK^ECOX. 

Seals brown, bold. Corolla pah; blue. Slioio-tis antbers faintly blue, 
filanients blue. Styles blue. 

Type 27, Very early, a, small amount of branching below, a great deal 
above, habit erect and open ; average height 40 cm. Foliage light 
green. Flowers medium in size, open ; petals broad, jnucli deeper 
in tone than in Types 25 and 20, markings distinct ; filaments 
upper third i)ale blue ; anthers faintly blue ; base of style pale 
blue, stigmatie surfaces white, 

var. PIIATENSE. 

Seeds brown, small Corolla blue. Stamens anthers white, fijamento 
white. Stylm blue, 
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Type 28. Late, a medium amount of branching, habit erect and 
somewhat compact; average height 71 cm. Foliage somewiiat 
light green. Flowers smail, mediumlv open ; petals narrow ; 
styles blue, atigniatic surfaces white. 


Var, AITNOR, 

Corolla blue. Stamens anthers white, iilaments 


Seeds brown, .small. 

blue. Styles blue. 

1. Styles pale blue, stigmatic surfaces white, petals broad. 

T’StPE iV). Late, a good deal of branching below, erect and coinx^act 
in habit; avera.ge height 69 cm. Foliage some,what light green. 
Floweis large and very open; p>otaIs broad ; filaments upper half 

blue ; styles x^ale Idiie, stigmatic .suiiace.s \vliito. 

2. Styles blue, stigmatic surfaces white, petals broad. 

T'iPE .30. Late, mucli branching below, .somewhat open in liabit ; 
jiverage height 54 cm. Foliage dark greeii. Flowers large and 
open ; petal, s broad ; filaments upper third blue ; styles blue, 
stigmatic surfaces white. 

3. Styles blue, stigmatic surfaces pale purple, petals narrow. 

Type 31. Early to medium in maturity, a fair amount of branching 
above, habit erect and compact ; a.verage lieight 02 cm. Foliage. 
somewhat light green. Flowers .small, half open ; petals narrow 
somewhat deep blue, ma.rldug.s vuiry distinct owing to a white patcli 
at tlie base of the petals ; filaments upper lialf blue ; .styles blue, 
stigmatic surfaces x)ale xjiirple. 

1 YPE 32. Very late, a good deal of branching below, very erect and 
compact in habit; average heiglit 63 cm. Foliage dark green. 
Flowers medium in .size, medinmly o])en ; petals narrow with miicli 
space in between ; ftlament.s with a .small amount of l)Iue colour 
just below the anther ; style.s blue, stigmatic .surfaces i 3 ale purple. 

Types ul and 32 ca,u be distinguished from one another by the. amount 
of colour on the filaments. 

var. HERBAOEUM. 

Seeds brown, bold. Corolla blue. Stamens anthers white, filaments 
blue. Styles blue. 

Type 33. Early, a good deal of branching below, a great deal above, 
habit spreading and open ; average lieight 49 cm. Foliage bluish 
green. Flowers medium in size, open ; petals narrow with sxiaces 
in between ; filaments upper third blue ; styles blue at the base, 
stigmatic surfaces white tinged with pink. 
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var. ruLCiiRUM. 

Heeds })rowii, small. Corolla ])lno. Stamens antliors Miio. li laments 
v/liite. Styles Idne. 

Type ^14. Medium in maturity, a. ^^ood deal of ))rane]iiit<:» ahuve, 
eompact am! erect in liabit ; average heiglit O l cm. Foliaye dark 
green. Flowers large, open; petals broad, light bine in tone, 
markings di.stinot ; anthers with some pale l)liie colour; styles 
blue, stigmatic surfaces purple. 

var. CiRSiUM. 

Seeds brown, medium in size. Cornlla blue. Stamens anthers blue, 
filaments white. Styles blue. 

Tvpr Jh"). Late, much liranehing below, very sjuending in habit: 
averagi’: height IS cm. Foliaye dark gretui. Flowers huge, 
mediumly open ; petals broad ; style.s Idne, stigmalic surfaces 
white, witli pale luirple tijis. 

var. BicoLOR. 

Seeds brown, bold. Corolla blue. Stamens anther.s blue, filaments wliite. 
Styles blue. 

Type 36. Medium in maturity, a small amount of brandling below, a 
great deal above, habit spreading and open ; average hiuglrt 
4,6 cm. Foliaye light green. Flowers small, do not open well; 
petals broad, somewhat light in tone ; anthers very pale blue ; 
styles tinged with pale blue, stigmatic .surfaces white. 

var. commune. 

Seeds brown, small. Corolla blue. Stamens aiitber.s blue, filaments blue. 
Stijles blue. 

1. Styles white with pale blue lines, stigmatic surfaces pale purple ; 
petals narrow. 

Type 37. Medium in maturity, a medium amount of branching above, 
somewhat spreading in liabit; average height 63 cm. Foliage 
dark green. Flotvers medium in size and do not open fully ; petals 
narrow, somewhat dark blue in tone, markings very distinct ; 
filaments with a trace of blue colour Just below the anther ; anthers 
pale blue ; styles white with pale blue lines on the sides, stigmatic 
surfaces pale purple. 




HOWARD AND AEDITR RAHMAN 


2 . Styles pale blue, stigmatic surfaces white (sometimes tinged with 
pmh or pale purple). 


A. Pelak narmro. 

Tvm^ 38. Medium to late in maturity, erect Imt witli an open liahit, a 
moderate amount of ])ranctiing above and below : average height 
08 cm. Foliage dark green. Flowers medium in size, oixm wdth 
spaces between the j^etals wbicli are narrow; filaments pale liliie 
immediately below the anther ; styles pale blue, stigmatic surface 
white with pink tips. 

lypE 39. Medium in maturity, a small amount of branching from the 
base, very open in habit ; average height bO cm. Foliage rlark 
green. Flowers small, open; petals naa-row with a, good diad ol 
space between ; lilaments bright Idue immediately below the 
anther which is very pale blue; styles pale bine, stigmatic 
surfaces white with pink tips. 

B. Petals broad. 

(a) Filaments with a small amount of blue just below the anther, 
a. Colour on the filaments in the form of g ring. 

iyPE 40. Medium in maturity, a small amount of branching below, 
somewhat spreading in habit; average height 01 cm."’ Foliage 
somewhat blue green. Flowers large, open; petals broad; 
filaments with a small amount of bright blue colour immediately 
below the anther ; styles pale blue, stigmatic surfaces white with 
pink tips. 

TypB 41. Very late, much branching below, very erect, crowded and 
compact; average height 62 cm, dark green. Flowers 

large, open ; petals broad ; filaments with small amount of bright 
blue colour just below the anther; styles pale blue, stigmatic 
surfaces white with pink tips. 

lypE 42. Medium in maturity, erect and somewhat com^jact in 
habit, a medium amount of branching below; average height 
55 cm. Foliage somewhat dark bluish green. Flowers medium in 
size, do not open well ; petals broad ; filaments with a small 
amount of bright blue just below the anther ; styles pale blue, 
stigmatic surfaces white. 

Types 40 and 41 are tall, with large, open flowers. They differ in maturity. 
Type 42 is short with mediiim sized flowers which do not open well. 
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[h Colour only on one side of the Jllameni. 

'rYPE 43. Medium to late in maturity, somewhat spreading in habit, 
a good deal of branching below ; average height 66 cm. FoUaye 
dark green. Flowers medium in size, do not open well; petals 
broad ; filaments pale blue immediately below the anther but the 
colour is mostly on one side ; styles pale blue, stiginatie surfaces 
'white. " 

Type 44. Medium in maturity, a good deal of branching below, habit 
•somewhat .spreading and open; average height 49 cm. Foliage 
light green. Flowers large, open; petals broad ; fdaments bright 
blue imme<liat<.‘ly below the anther but the colour is mostly ou one 
side ; .styh.‘s pahi blue, stigmatie surfaces white witli pink tips. 

'bYPE io, ^Medium in maturity, very little brandling Ix'low, iialdt 
somewhat open ; average heiglit 00 cm. Foliage bluisli gi-eeu. 
Flowers la.rge, open ; petals liroad ; filaments vsitli a very small 
.amount of deep blue colour immediately below tlie antlier ; styles 
pale blue, stigma, tic surfaces and tips white. 

Tu Ty[)e 43 the flowers are medium in size and do not open well while the 
colour on the filaments i.s pale ; in Types 44 and 46 the flowers a, re large and 
open and the colour ou the filaments is bright. The.sc two tyjies difi’er in height 
and habit. 

(b) Upper third of the. filament bright blue. 

Type 46. Ijate, erect in habit but somewhat open at the base, a good 
deal of branching below ; average height 61 cm. FoUaye light 
green. very large, very open, with spaces between the 

petals ; petals broad ; filament upper third bright blue ; styles 
pale Ijliie, stigmatie surfaces white with pink tips. 

Type 47, Medium in maturity, habit spreading at the base and open 
at the top, a fair amount of branching both above and below ; 
average heiglit 48 cm. Foliage somewhat light green. Flowers 
somewhat light in colour, large, open ; petals broad ; filaments 
upper third bright blue ; styles pale blue, stigmatie surfaces white 
with pink tips. 

Type 48. Late, a good deal of branching below, somewhat spreading ; 
average height 60 cm. light green, Flowers large, 

mediumly open ; petals broad ; filaments upper third bright blue ; 
styles pale blue, stigmatie surfaces white, tips pink, 

These three difier in maturity and habit, 


HOWARD ASD ABDUR EAHMAN 167 

3. Styles bluej stigmatie surfaces white sometimes .tinged with pink 
OF pale purple. 

A. Petals broad, the colour on the filaments in the form of a riny 

immediately below the anther. 

Type 49. Medium in maturity, a medium amount of branching 
below, erect in habit ; average height 64 cm. Foliage bluish 
green. Flowers large, open; petals broad; filaments with a 
small amount of blue Just below the anther ; anthers pale blue ; 
styles blue, stigmatie surfaces white with pink tips. 

Type 50. I^ate, a good deal of branching below, erect and crowded in 
habit ; average height 51 cm. light green. Flowers \axge , 

open ; petals broad ; filaments blue Just below the anther ; 
styles blue, stigmatie surfaces and tips white. 

'rypE 51. Late, a great deal of branching below, erect, crowded and 
com])act in habit ; average height 47 cm. Foliage light green. 
Flowers small, do not open fully, petals broad ; filaments with a 
small amount of dark blue colour immediately below the anther ; 
styles blue, stigmatie surfaces and tips white. 

Tji Type 51 the flowers are small and half closed whereas in Types 49 and 50 
they are large and open. These two types differ in maturity and habit. 

B. Petals broad, upper third of filaments blue. 

Type 52. Late, very little branching below, habit very open ; average 
height 67 cm. Foliage dark green. Flowers large, not very open ; 
petals broad ; filaments upper third bright blue ; styles blue, 
stigmatie surfaces white. 

Type 53. Very late, a medium amount of branching below, habit 
erect ; average height 60 cm. Foliage light green. Flowers large, 
open, light in tone ; petals broad with spaces in between ; filaments 
upper third blue ; anthers faintly blue ; styles a decided blue, 
stigmatie surfaces white. 

Type 54. Medium in maturity, a fair amount of branching above, 
erect and compact in habit ; average height 59 cm. Foliage 
somewhat dark bluish green. Flowers medium in size, mediumly 
open ; petals broad ; filaments upper third blue but on one side 
only ; styles blue, stigmatie surfaces white and tips pink. 

In Type 52 the anthers are bright blue, in Types 53 and 64 pale blue. 
Type 63 is late with open flowers, Type 54 medium in maturity with flowers 
which do not open well, 
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0. Fetah hroadi upper half of filaments purplish blue, comlla purple in tone. 

Type o5. i^leiiium in maturity, much branching both above and below, 
habit Bpreacling and 02 )eu ; average height 48 cm. Foliage dark 
green. Flowers medium in .size, almost open : petals broad, purple 
in tone ; filaments upper half purplish blue ; anthers pale libie ; 
stigiaatic surfaces and tip.s white. 

D. Petals broad, upper half of filaments blue. 

Type 56. Very early, a good deal of branching below, mediumly open 
in habit; average height 47 cm. Foliage bluish green. Flowers 
medium, in size and mediumly open ; petals narrow ; filaments 
upper half blue, anthers pale blue ; .styles blue, stigmatic surfaces 
and tips white. 

4. Styles blue, stigmatic surfaces purple. 

A. Petals narrow, a very small amount of blue cMour on tlie 

below the anther. 

Type 57. Very late, a good deal of branching from the base, upper 
branches crowded and compact, very erect in habit ; .average height 
57 cm. Foliage dark green. Floivers medium in size, open, with 
a space between the petals which are narrow ; filamentKS with 
a small amount of pale blue just below the anther ; styles bright 
blue, stigmatic surfaces j^urple. 

Type 58. Very late, a great deal of branching from tJie base, habit 
erect, mediumly compact ; average height 51 cm. Foliage dark 
green. Floivers small, do not open well ; petals narrow, with 
spaces ill between ; filaments v/ith a small amount of bright blue 
colour just below the anther ; styles blue, .stigmatic siirface.s purple. 

Type 59. Medium in maturity, a small amount of basal branching, 
erect in habit; average height 70 cm. Foliage light green. 
Flowers medium in size and mediumly open ; petals narrow ; 
filaments with a small amount of bright blue colour just below the 
anther ; styles blue, stigmatic .surfaces purple, somewhat paler 
than in the rest of this class. 

In Type 57 the colour on the filaments is pale blue, in Types 58 and 59 
bright blue. These two types differ in the size of the flower and in the tone of 
colour of the stigmatic surfaces. 

B, Petals narrow, upper third of the filaments bright blue. 

Type 60. Late, erect, a great deal of branching both above and below, 
compact, crowded and erect in habit ; average height 56 cm. 
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Foliage somewhat light green. Flowers small, do not open, well, 
somewhat deep blue in tone 4 petals narrow ; filaments nppej' third 
bright blue , anthers bright blue ; styles bright blue, stigiiiatic 
suT’faoes purple*. 

G. Petals ncmow, jilmYmits with a small mmmit of purple jvst below i?w 
anthers. 

I.YPE 61. Very early, erect, habit open ; average heiglit »1 cm. 
Fohage light green. Flowers small and mediumly open with a 
space between the petals which are narrow ; filaments with a 
small amount of purple or very deep blue just below the anther ; 
styles blue, stigmatic surfaces purple. 

D. Petals narrow, upper third of the filaments purple. 

Type 62. Late, a good deal of branching from the base, very erect, 
crowded and compact; average height 62 cm. Foliage dark 
green. Flowers medium in size, open ; petals narrow with small 
spaces in between ; filaments upper third purple or very deep blue ; 
anthers pale blue ; styles blue, stigmatic surfaces purple. 

Var. CAMPESTRE. 

8ee(ls brown, medium in size. Corolla blue, Stamms anthers blue, 
filaments blue. Styles blue. 

1, Styles pale blue, stigmas white sometimes tinged with pink. 

A. Corolla somewhat pmrple in tone. 

Type 63. Early, a small amount of branching below, a great deal 
above, habit erect, crowded and compact ; average height 64 cm. 
Foliage dark green. Flowers medium in size, open; petals broad, 
purple in tone ; filaments upper third purplish blue ; styles pale 
blue, stigmatic surfaces white. 

B. Corolla nm-mal blue. 

(a) Early or very early, short, habit spreading. 

Type 64. Very early, somewhat open and spreading in habit, a little 
branching below, a great deal above; average height 49 cm. 
Foliage bluish green. Floivers medium in size, open ; filaments 
upper fourth purplish blue ; styles pale blue at the base, stigmatic 
surfaces white. 

Type 66 . Early, a small amount of branching below, a great deal 
above, habit spreading and open; average height 50 cm. Foliage 
bluish green. Flowers small, open; petals somewhat narrow with 
spaces in between ; filaments upper third pale blue, most of the 
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colour on one side ; styles pale blue at the base, white above- 
stignaatic surfaces white v/itli pink tips. 

Type 66. Early, a very small amount of branching below, a great 
deal above, habit open; average height 48 cm. FoIUkjq bluish 
green. Flowers medium in ske, but larger than in Type 64, open ; 
petals broad ; filaments upper fourth blue ; styles pale blue, 
stigmatic surfaces white. 

These types differ in the size of their flowers and in the amount of colour 
on the filaments. 

ij)) Medium in maimity, short, erect, with im open top . 

Type 67. Medium in maturity, a great deal of branching both above 
and below, habit erect with an open top ; average height 48 cm. 

light green. iToicm medium in size, open, petals somewhat 
narrow with small spaces in between ; filaments upper half pah^ 
blue ; styles pale blue, stigmatic surfaces white with pink tips. 

(c) Late, tall, erect and compact in habit. 

Type 68. Late, a fair amount of branching below, very erect and 
compact in habit ; average height 71 cm. somewhat light 

green. Flowers small, half closed ; petals broad, blue in tone ; 
filaments with a small amount of bright blue colour immediately 
below the anther ; anthers bright blue ; styles pale blue, stigmati(3 
surfaces white. 

Type 69. Late, some branching below, upright and compact in habit : 
average height 64 cm. Foliage dark green. Floivers medium to 
large, open ; petals broad ; filaments with a small amount of blue 
colour immediately below the anther ; styles pale blue, stigmatic 
surfaces white. 

These two types differ in the size of the flower and in height. 

2. Styles blue (less pale than in 1), stigmatic surfaces pale purple. 

A. Petals narrow. 

Type 70. Medium in maturity, a good deal of branching both above 
and below, habit spreading with an open top ; average height 49 
cm. Foliage dark green. Floivers small, half closed ; petals 
narrow with spaces in between ; filaments upper third blue ; 
anthers bright blue ; styles blue, stigmatic surfaces white with pale 
purple tips. 

Type 71, Medium in maturity, a great deal of branching both above 
and below, habit somewhat spreading and open ; average height 
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45 cm. Foliage dark green. Flowers medium in size, open ; 
petals somewliat deep blue in colour; narrow with spaces in 
between ; filaments upper half blue ; anthers pale blue ; styles blue, 
stigmatic surfaces white with pale purple tips. 

These two types differ in the size of their flowers and in the tone of colour 
of the anthers. 


B. Petals broad. 

Type 7 2 . Late, a medium amount of branching below, habit spreading ; 
average height 49 cm. Foliage dark green. Floivcrs large, open ; 
petals broad with spaces in between ; filaments U 2 ')per third pale 
blue ; styles blue, stigmatic surfaces white with pale ])urple tips. 

Type 73. Late, much branching both below and above, habit some- 
Avhat spreading and open ; average height 52 cm. Foliage some- 
what light green. Flowers large, open ; petals broad ; filaments 
upper third bright blue ; styles blue, stigmatic surfaces white with 
pale purple tips. 

Type 74. Medium in maturity, much branching both below'' and 
above, habit spreading and open ; average height 54 cm. Foliage 
bluish green. Floioers medium in size, mediumly open ; petals 
broad ; filaments upper third blue ; styles blue, stigmatic surfaces 
white, tips pale purple. 

Types 67 and 73 are late wdth large, open flowers. Thej' difi’er in the 
tone of colour on the filaments. Type 74 is medium in maturity with medium 
sized flowers. 

3, Styles blue, stigmatic surfaces purple. 

A. Petals narrow. 

Type 75. Medium in maturity, much branching both above and 
below% habit spreading with an open top ; average height 63 cm. 
Foliage dark green. Flowers medium in size, open ; petals narrow' 
with spaces in betaveen ; filaments upper third pale blue ; anthers 
pale blue ; styles blue, stigmatic surfaces purple. 

Type 76. Earty, a small amount of branching below', a great deal 
above, habit erect, crowded and somewhat compact ; average 
height 62 cm. Foliage bluish green. Flowers small, half open ; 
petals very narrow with spaces in between, markings very 
prominent ; filaments with a small amount of blue colour on one 
side immediately below' the anther ; styles blue, stigmatic surfaces 
and tips purple. 
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These two types dift'er in the size of the Howers and the amount oi colour 

ou the filaiiieuts. 

B. Petals intermeMate in hreadth. 

Type 77. Late, inucli branching both abovui and below, habit some- 
what spreading and open; average heiglit 5d cm. Foliage dark 
green. Floivers niediiim in size, almost open ; petals somewhat 
narrow ; filaments upper third ]3urplis1i blue ; anthers bright 
blue ; styles blue, stigmatic surface.s and tips purple. 

C. Petals broad. 

Type 78. Medium in maturity, much })ranching both above and 
below, habit spreading and open ; average height 50 cm. Foliage 
bluish gj’cen. Floioers medium in .size, (»pen ; petals broad ; 
filaments upper third pale blue ; styles blue, stigmatic surfaces 
pale purple. 

4. Styles bright blue, stigmatic surfaces bright purple, petals narrow. 

Type 79. Early, much branching both below and above, liabit some- 
what spreading below, crowded above; avi'rage height 5d cm. 
Foliage ddiik gniQ&a.. jFZmcer.s small, mediumly open; petals narrow 
with wide spaces in between ; filaments upper third bright 
blue ; anthers bright bine ; styles bright blue, stigmatic surfaces 
and tips bright purple. 

5. Styles purplish blue, stigmatic surfaces pale purple, petals broad. 

Type 80. Late, a little hranchiiig bedow, habit spreading and open ; 
average height 60 cm. Foliage somewliat dark green. Flowers 
large, open ; petals brciad ; tilainents blue ])ut the colour is mostly 
on one side ; styles purplish blue, stigmatic surfaces pale purple. 

Var. VULGATUM. 

Seeds brown, bold. QoroUa, blue. Simiwms anthers blue, filaments blue. 

Styles blue. 

1. Styles pale blue below, stigmatic surfaces white. 

A. Petals mrroio. 

Type 81. Early, a small amount of branching below, a great deal 
above, habit erect but open ; average height 45 cm. Foliage light 
green. Flowers small, mediiimly open ; the petals which arc 
almost broad have no spaces in between, corolla light in tone ; a 
trace of blue on the filaments ; anthers faintly blue ; styles very 
pale blue at the base, stigmatic surfaces white. 


Its 
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Type 82. Medium in maturity, a small amount of branciiing below, a 
great deal above, babit spreading and open ; average height 47 cm. 
FolMKje dark green. Flowers small, open: petals narrow, pale 
111 tone ; filaments with a small amount of very pale blue colour 
immediately below the anther ; anthers very pale blue ; styles 
"v ery pale blue, stigmatic surfaces white. 

Type 83. Medium in maturity, much branching below, habit spreadin^^ 
and open ; average height 47 cm. light green. Flowers 
small, open ; petals somewhat narrow with small spaces in between ; 
filaments upper fourth blue ; styles pale blue at the base, stigmatic 
surfaces white. 

Iype 84. Early, a moderate amounfof branching below, a great deal 
above, habit somewhat spreading ; average height 50 cm. Foliage 
somewhat light green. Flowers small, do not open fully ; petals 
somewhat narrow ; filaments upper third blue ; styles pale blue, 
stigmatic surfaces white. 

^ Ihere is only a trace of blue colour on the filaments in Types 81 and 82 
which differ from one another in the time of maturity and in habit. In Type 
S3 the upper fourth of the filament is blue and the flowers are open, in Type 84 
the upper third of the filament is blue and the flowers are half closed. 

B. Petals broad. 

Iype 85. Very early, a very small amount of branching below, a 
great deal above, habit somewhat open; average height 51 cm. 
Foliage bluish green. Floioers medium in size, open ; petals 
intermediate in breadth ; filaments with a small amount of blue 
colour immediately below the anther : styles pale blue, stigmati</. 
surfaces white. i# 

Type 86. Early, habit somewhat open, a small amount of branching 
below, a good deal above ; average height 41 cm. Foliage light 
green. Flowers medium in size, half closed, corolla light in tone ; 
petals broad; filaments upper half blue; anthers” pale blue ; 
styles pale blue at the base, stigmatic surfaces white. 

Iype 87. Early, a small amount of branching below', a great deal 
above, habit spreading and open ; average height 48 cm. Foliage 
dark green. Floivers medium in size, open ; petals broad ; 
filaments upper third deep blue ; anthers bright blue ; styles pale 
blue, stigmatic surfaces white. 

Type 88. Bledium in maturity, a small amount of branching below% a 
great deal above, habit spreading and open ; average height 62 cm. 
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Foliage da,xk gmm. Fhivers \a,vge, open; petals l>road ; filaraents 
upper half deep purple ; anthers bright blue; styles pale blue 
})elow, stiginatic surfaces white. 

These four types differ in the amount and tone of the colour on the 
hlainents. 

2. Styles completely M«e, stigmatic surfaces white, sometimes tinged 
with pink or pale purple. 

A. Petals narrow. 

Type 89. Early, a small amount of branching below, a great deal 
above, habit spreading and open ; average height 56 cm. Foliage 
dark green. Flowers small, open ; petals very narrow with wide 
spaces in between, markings promituint owing to a wliite patch 
at tin? base of each petal ; filaments with a small amount of bhn? 
colour just below the anther on one side only ; styles blue ; stig- 
matic surfaces white tiuged with pink. 

Type 90. Medium in maturity, a moderate amount of hranebing, 
upright but open in habit ; average height 49 cm. Foliage light 
green. Flowers small, do not open well ; petals narrow wit h space.s 
in between ; filaments with a very small amount of briglit blue 
colour immediately below the anther; anthers pale IjIuc ; style.s 
liliie, .stigmatic .surfaces white with a purple tinge. 

Type 91. Earrly, a good deal of branching behnv, a great deal abore, 
habit somewhat spreading and open ; average heiglit 46 eni. 

light green. i’Zowm medium in size, open ; petals narrow ; 
filaments upper- half puiplish l.due ; styles blue, stigmatic surfaces 
white tinged with pink. 

Iype 02. Early, a small amount of branching, spreading and open in 
habit; average height 17 cm. Foliage bluish green, Flmi'crs 
medium in size, open ; petals very narrow with rniich space in 
between, markings ])rominent owing to a white patch at the base ; 
filaments upper third blue ; styles blue, stigmas wdiite tinged with 
pink. 

Type 93. Medium in maturity, a very .small amount of branching 
below, a great deal above, habit spreading and open ; average 
height 40 cm. Foliage diirk green. Flowers small, open ; petals 
narrow with .spaces in between, somewhat light in colour ; filaments 
upper third blue ; anthers a paler blue than in Ti’^pe 92 ; style.s 
blue, stigmas wdiitc tinged with pink. 
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These types differ from one another in the amount of colour on tlie 
filament. In. both Types 89 and 90 this is very small, but in Type 89 it is 
found on one side only, whereas in Type 90 it occurs in the form of a ring. 
In Type 91. the upper third of the filament is purplish blue while in Types 
92 and 93 tlie upper third is blue. These two types difier in maturity 
a,nd in the tone of colour of the anthers. 

B. Petals broad. 

(a) Upper third of the filaments blue. 

Type 94. Medium in maturity, a very small amount of brancliing 
below, a great deal above, habit spreading and open ; average 
height 48 cm. Foliage bluish green. Flowers large, open ; petals 
broad with spaces in between ; filaments iipjjer third blue ; styles 
blue, stigrnatic surfaces white, tips pink. 

Type 95. Early, a small amount of branching at the base, habit 
spreading and open; average height 60 cnu dark green. 

Flowers large, open ; petals broad ; filaments upper third Idue ; 
styles blue, stigrnatic surfaces white, tips pink. 

Type 96. Medium in maturity, much branching at the top, a small 
amount below, habit crowded at top, somewhat spreading below 
average height 54 cm. Foliage somewhat light green. Flowers 
large, open ; petals broad ; filaments upper third blue ; styles 
blue, stigrnatic surface white, tips pink. 

In these three types the flowers are large and open. They difi’er in the 
time of maturity aiul in the colour of the foliage. 

Type 97. ■\lediura in maturity, very little hranchiiig at the base, a 
little but not much at the top, habit erect with an open top ; 
average height 63 cm. Foliage do.xk green. Flowers mediiim in 
size, open ; petals broad ; filaments upper foiirtli blue : styles 
blue, stigrnatic surfaces white, tips pink. 

Type 98. hledinm in maturity, a good deal of branching below, a 
great deal above, habit somewhat spreading with an open top ; 
average height 53 cm. Foliage dark green. Flowers medium in 
size, open ; petals broad ; filaments upper third blue ; styles blue, 
stigrnatic surfaces white, tips pink or pale purple. 

Type 99. Early, a small amount of branching below, a great deal 
above, habit erect with an open top ; average height 60 cm. 
Foliage light green. Flowers medium in size, mediuinlv open; 
jietals broad ; filaments upper third blue : styles pale blue, stiri- 
matic surfaces white, tips pink or. pale purple. 
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'.rriM;] 100. Medium in maturity, a small amount of Ijraiiciiing below 
and a good deal above, habit spreading and open; average height 
■1-9 cm. Foliage somewhat light green. Floan'm jnediiim iu siiie, 
open ; petals broad ; filaments iij»per third blue ; styles Jiglit blue, 
stigmatic surfaces w^hite tinged with purple. 

In these four types the flowers are medium in size. They differ in 
height and in the time of maturity. 

Type 101. Early, a fair amount of branching below, much branching 
at the top, habit somewhat open ; average height 56 cm. Foliage 
light green. Flawers small, half open ; petals broad ; filaments 
upper third blue ; styles blue, stigmatic surfaces white with pink 
tips. 

In this type the flowers are small. 

(6) FikmwuU ivg'per third ])urj)le, corolla very deep blue. 

Type 102. Very early, a small amount of branching from the base, 
erect and somewhat open in habit ; average height 56 cm. Foliage 
light green. Flowers medium in size, mediiimly open ; petals 
broad, very deep blue ; filaments upper third deep purple ; anthers 
bright ])liie ; styles pale violet, stigmatic surfaces white, tips 
pink. 

Type 103. Medium in maturity, a little braudiing at the base, a great 
deal above, habit spreading with an open top, average height 56 
cm. Foliage dark green. Flowers large, open ; petals somewdiat 
deep bine, broad; filaments upper third purple ; anthers very pale 
blue ; styles bluish violet, stigmas \dffte tinged with pink. 

These two ty|ies differ in the time of maturity, in habit and in the size 
of their flowers. 

3. Styles blue, stigmatic surfaces purple. 

A. Filaments with a small amount of colour generally on one side only. 

Type 104-. Eady, a small amount of branching below, a great deal 
above, babit upright but open; average height 55 cm. Foliage 
dark green. Fhwers small, half closed ; petals narrow with lar-e 
spaces m between, the petals being folded in the centre ; filaments 
with a small amount of blue colour immediately below the anther ; 
styles blue, stigmatic surfaces and tips purple* 

Type lOo. Late, a small amount of branching ])elow, a groat deal 
above, habit spreading and open ; average height 54 cm. Foliage 
dark green. Flowers large, open ; petals very narrow, markings 
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pimiinent owing to the white base ^filaments upper fourth pui- 

phsh bhie immediately below the anther; styles blue, stiematie 

siiriaces pale purple. 

Type 106. Earfy, mucli braiichiug below and above, liabit spreading 
and open ; average lieiglit 41 cm. mkim dark green. Mower, 
small open ; some space between the petals which are almost 
broad ; filaments with a small amount of blue colour immediatelv 
below the anther ; anthers very pale blue ; styles blue, stigmatic 
siu-faces purple. 

amount of branching below, a great deal 

above, habit spreading and open ; average height 50 cm. FoUa(/e 

dark green. FImvers medium in size, open ; petals narrow with 
large spaces in between ; filaments with a small amount of blue 
cjoloiir immediately below the anther ; anthers pale blue ; styles 
blue, stigmatic surfaces purple. 

These tour types differ in the time of maturity aud in the size of their 
Mowers. 

^ UpjKf third of the filaments blue., the eolow in the form of a ring. 

Type 108. Very early, very little branching either at the base or 
above, habit erect with an open top ; average height 57 cm. 
Wolmge bluish green. Flowers small, half open ; petals somewhat 
narrow but still belonging to the broad class ; filaments upper 
half purple ; anthers blue ; styles blue, stigmatic surfaces 
purple. 

Type 109. Early, a medium amount of branching, habit open aud 
spreading ; average height « cm. Foliage somewhat ligl.t green. 
Flowers .small, mediumly open; petals narrow with spaces in 
between ; filaments upper third blue ; styles blue, .stigmatic 
surfaces pale purple. 

I'SPE 110. Medium in maturitj’’, a small amount of branching below, 
a gi’eat deal above, habit spreading and open ; average height 41 
cm. FoUmje dark green. Flowers small, open, with spaces between 
the petals which are narrow ; filaments upper third purplish blue ; 
anthers pale blue ; styles blue, stigmas purple. 

Type 111. Medium in maturity, a good deal of branching, habit 
crowded but open ; average height 45 cm. Foliage dark green. 
Flowers small to medium in size and mediumly opeji ; petals 
narrov' ; filaments uijper third blue ; anthers pale blue ; styles 
blue, stigmatic surfaces bright purple. 
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In these four types the flowers are small and not vtuy open wiili narrow 
petals. They differ in tlie time of maturity and in height. 

Type 112. Very early, branching sparse, habit open ; average height 
45 Gin. Foliage dark green. Floivers medium in size, open; 
petals narrow with spaces in between ; filaments upper third 
blue ; styles ])lue, stigmatic surfaces bright purple. 

Type 113. Early, habit erect and crowded, a small amount of 
branching below, a great deal above ; average height 65 cm. 
Foliage light green. Flowers medium in size, almost open ; petals 
broad, pale blue ; filaments upper third purplish blue ; styles 
blue, stigmatic surfaces purple. 

Type 114. Medium in maturity, a small amount of branching below, 
a great deal above, habit spreading and open ; average height. 
52 cm. Foliage dark green. Flowers medium in size, open ; 
petals narrow with large spaces in between, markings very promi- 
nent owing to the white base of the petal ; filaments upper tliird 
blue ; styles blue, stigmatic surfaces bright purple. 

Type 115. Medium in maturity, a small amount of l:)ranehing below, a 
great deal above, habit erect but open ; average height 49 cm. 
Foliage light green. Flowers medium in size, open, some space 
between the petals wliich are narrow ; filaments upper tliird 
purplish blue ; styles blue, stigmas purple. 

Type 116. I.ate, a good deal of .branching, haliit crowded but some* 
what open ; average height 50 cm. Foliage somewhat light green. 
Flowers medium in size, almost open ; petals narrow with spaces 
in between ; filaments upper thml blue ; anthers very pale blue; 
.styles blue, stigmatic surfaces bright purple. . 

4. Styles purple, stigmatic surfaces white with purple tips. 

Type 117. Early, a small amount of branching below, a great deal 
above, habit spreading and open ; average height 45 cm. Foliage 
light green. Flowers medium in size, open ; petals narrow with 
spaces in between ; filaments upper half pur])le ; styles piirjile, 
stigmatic surfaces white, tips purple. 

var. tinotobium. 

8mds brown, bold. Corolla purple. Stamens anthers blue, filaments blue, 
blue. 

Type 118. Very early, a fair amount of branching both below and 
above, habit somewhat spreading and open ; average height 44 cm. 
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Boliage dark green. Flowers small, do not open fully; petals 
very narrow, edges incurved, colour bluish purple ; filaments 
upper third purplish blue; anthers pale blue ; styles pale blue 
below, violet above, stiginatic surfaces white tinged with pink. 
TrPE 119, \ ery early, a fair amount of branching both below and 
above, habit somewhat spreading and open ; average height 49 cm. 
Foliage light green. Flowers small, do not open fully ; petals 
broad, almost pink, markings dark blue and very prominent ; 
filaments upper third pale blue; styles pale blue at the base, 
stigmas white. 

Type 120. Medium in maturity, a fair amount of branching both 
below and above, habit somewliat spreading and open ; average 
height 50 cm. Foliage somewhat dark green. Flowers medium 
in ske, do not open well, colour a bluish purple ; petals broad ; 
filaments upper third purple; anthers pale blue ; styles pale blue 
at the base, stigmas white. 

In Type 118 the petals are narrow whereas they are broad in Types 1 19 and 
120, These two types are easily distinguished by tlie colour of their corolla. 

Var. SATIVUM. 

Seeds brown, small Corolla violet. Stamens anthers blue, filaments blue. 
Styles blue. 

Type 121. Medium in maturity, much branching both above and 
below, habit erect, crowded and compact ; average height 62 cm. 
Foliage dark green. Flowers large, open, resemble the normal blue 
in depth of colour except that they are violet not blue ; petals 
broad ; filaments upper third purplish blue ; anthers very pale blue ; 
styles pale blue, stigmatic surfaces white. 

Type 122. Early to medium in maturity, a small amount of branching 
below, a great deal above, habit spreading and open ; average 
height 57 cm. Foliage light green. Flowers large, open, colour 
pinker in tone than in Types 121 and 123 ; petals broad ; filaments 
pale violet ; anthers bright blue ; styles pale violet blue with deep 
blue lines on the sides, stigmatic surfaces pale violet. 

Type 123. Early, a small amount of branching below, a great Meal 
\ above, habit spreading and open ; average height 60 cm. Foliage 

\ bluish green. Flowers medium in size and mediumly open ; petals 


narrow with small spaces in between, resembling Type 121 in 
colour but slightly darker ; filaments upper third purple on one 
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3 icle only ; anthers very pale bine ; styles |)ale i*lne, stigmatic 
surfaces white. 

Ty} 3 C 120 can be distingnished from the other two by Ihe iiai-rowiies-' 
of its petals. Ty]>e 121 differs from Tyi)C 122 in the lone of colour of tlu* 
li laments, anthers and styles. 

V. THE ECONOMIC ASPEC^F. 

The eommercial elassification of Indian linseed is based on tiie siije and 
colour of the seed. Three sizes are recoguizcfi—bold, medium arul small—- 
and two colours are rlistinguished — -yellow and brtuvn. Other lliings j)eing 
equal, the larger seeds fetch a higher price. As would bo expected, these 
differences in price depend largely on. oil content. This is clear from the 
percentages of oil (ether extract) in the various types (Table VIH). The 
determinations were made from samples grown at Pusa in 1919 where the soil 
conditions favoured the small brown types. 


Table VIII. 

Oil content and size of seed} 


Type No. 

8ize iiiul colour of seed 

Percentage of oil 
(ether extract) 

1 


41*85' 

\ 


2 

Bold yellow . . . . . . 

42-69 


snean 43-15 

3 

41-93 

1 


6 


43-95 

1 


7 

Bold fawn 

43-31 


„ 44-01 

80 


44-76 j 


84 

Bold brown . . . . . , 

42-32 1 

M 43-81 

103 


44-36 1 

08 

72 

1 Medium brown 

38- 91 

39- 38 

} 

„ 39-15 

12 


36-181 



19 


37-20 



20 


40-07 



28 

.Small brown 

35-12 


„ 37-51 

29 


37-80 



32 


37-19 



131 


39-00 J 




It will be evident from the above table that there is a certain amount of 
correlation between the size of the seed and the oil content. This is probably 
due to the greater percentage of husk in the smaller seeded varieties. Tliere 


’ Previous determinations of the oil content have been carried out on mixed samples and 
are, therefore, not very significant. 
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are also difEererices between tlie individual types in any one group but tiiese 
are insignificant compared with, that between the bold and small seeded varie- 
ties. To obtain a high oil content, the cultivation of a large seeded typi' 
would appear essential. 

xls regards the colour, it is sometimes stated that the pale seeded varieties 
are the most valuable.i It is possible that this belief has partly arisen from 
the fact that all the yellow varieties have bold seeds and are therefore rich 
in oil content. The following letter from Messrs. Ralli Brothers, dated Bombay, 
17th March, 1919, makes the position clear as regards the relative value of the 
brown and yellow colour for tire export trade. 

'' With reference to th e converse tioii we have had some time ago, on the 
above subject, we are informed by our Home Firms that crushers in the south of 
France pay particular attention to edible oils, and as a mixture of yellow 
seeds up to 25 per cent, in brown linseed gives a finer quality of oil and 
moreover a higher proportion of edible oil, buyers show a marked preference 
for such qualities. 

The same, however, is not the case with 'buyers of the north of France 
and in the United Kingdom where they like better brown seeds, with no 
admixture of yellow seeds, the latter rendering the sale of the cake difficult, 
by discolouring it. A high admixture of yellow seeds, would also be objected 
to in Marseilles, for the same reason.” 

The economic value of any variety of linseed depends, however, not only 
on the percentage of oil in the seed but also on tlie yield of seed obtained per 
acre and of the two this latter factor is the more important. High yields of 
seed are only obtained if the variety is suited to the soil and climatic conditions 
of the locality. It is generally found tliat this depends almost entirely on the 
suitability of the root system to its environment. The only other morpho- 
logical character wliich appears to be important from the economic point of 
view is the powmr of branching. As has been seen on page 142, the number of 
basal branches varies very much with the soil conditions, but, in addition to 
this, the power of forming numerous branches is a distinct inherited varietal 
character. This is true both of the primary branching from the base and the 
secondary branching above. .In 1921, when grown under exactly comparable 
conditions, the average number of branches per plant varied from two to 
fourteen among the 121 types. In choosing a variety for distribution, it is 
essential to clioosc one of which the potential branching power is large. 

^ Dutliie, J. ,F. and Fuller, J. B. in Field and Garden Crops of the North Western Provinces 
mid Oiidh, 1883. Part II, p. 41, state that oil oi the “ white seeded ” variety is in many respects 
more valuable than that of the ordinary linseed especially for colour mixing. 
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. Another character Avhicli is important from the point ul view of seed 
<uJtrihution, although it <loes not directly affect the yield, is the colour of tim 
corolla.. 1 n most districts, the local linseed is blue flow(‘red . It is (‘xtrcnnely 
difhcult to distinguish one blue flowered variety from another. 1,'he Ix-twmm 
two blue corollas is usually blue also. Thus if the improved vari(dy has a 
blue corolla it is practically impossible to check the extent of the distribution 
and the purity of the crops. A white, purple or lilac coloured corolla is, 

therefore, a distimd asset in an improved variety. 

As regards the introduction of improved varieties, it has been found that 
all the types with bold seed {i.e., a. high percentage of oil) belong to Peninsular 
India and will not thrive on the alluvium, except possibly in the Punjab. As 
was mentioned on page 138, this is due to the fact that all these types so far 
obtained have a deep root system. Heed of the bold seeded types isolated 
during this investigation has, therefore, been sent to tlu' Department ol 
Agriculture of the Central Prov inces for trial. Home of t he.m wert' sa i( I in 1 922 
to be di.stinctly promising and further trials will probably iridi(‘ate more 
definitely which of these types are suitable for distribution. It is also hoped 
to carry out trials of these bold .seeded types in other localities of the black 
cotton soil area. 

A.s regards the alluvium, variety trials have been carried outdaring the 
last three years at Pu.sa with some of the more promising types. Three 
types (12, 29 and 121) have consistently emerged as definitely superior to tlie 
local variety. Of these improvc<l kinds, Type 29 is blue flowered, I'ypc 121 
purple flowered and Type 12 white flowered. In 1923, Type.s 121 and 12 in 
,aserie.s of very careful tests gave a yield 40 to 50 per cent, above that of 
the local variety. The actual yiekls per acre on the most reliable series of 
yflots was : — 

Type 121 .. .. ..11-^ inaunds per acre. 

Type 12 .. .. .. 11^- maunds per acre. 

Local .. .. .. 7-| maunds per acre. 

These yields are so very promising that seed of Loth Types 12 and 121 
have been distributed for trial to the Provincial Departments of Agriculture 
and others. Type 29, though giving yields as high as Types 121 and 12, 
suffers in Bihar from the disadvantage of secondary flowering. It is there- 
fore only suitable for localities with a longer growth period than Bihar and 
has been sent to the Punjab for trial. Further tests with other types are 
iu progress at Pusa, but the success of the preliminary trials leaves no 
doubt that the yield of linseed on the alluvium can be very considerably 
increased by the systematic distribution of these improved kinds, 
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Experiments are also in progress to see whether it is possible to produce 
by hybridization a bold seeded variety suitable for the United Provinces and 
Lihai which will give a high yield of seed. It will be interesting to see whether 
such a combination is possible. The fact that none of the bold seeded types, 
isolated by selection:, are at ail suitable is against it, as is also the observation 
that the large seeded varieties of almost ail crops -— {Lathynis sativus), 
lentils {Ermm lens), etc., generally belong to the black cotton soil areas 
whereas, in Bihar, the corresponding varieties have very small seeds. 
There is, however, one striking exception to this rule. Although the local 
vaiieties of wheat are particularly small grained, it has been possible to 
obtain a very large seeded wheat, Pusa 4, which is well suited to certain 
tracts of the alluvium and gives a high yield. As, however, such a variety 
of linseed will have to be created by hybridization, it will take several 
ycairs before the desired result can be achieved. 
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In the author’s former Memoir on Gujarat cottons^ he described the 
various tyfJes of cotton which are grown in that part of Western India, and 
gave a detailed description of the variety known as (joghari wliich forms one of 
the three main types of Gossgpium herbaceum. cultivated in Gujarat, which is 
characterised in ail its strains by roughness, shortness of staple, and high 
ginning percentage. The present Memoir deals essentially with the second of 
the great varieties of Gossyjmmi lierbacemn of Gujarat, namely, that knoun as 
bromh desM, or lalio, together with a critical consideration of the environment, 
chiefly climatic, of the cotton plant in Gujarat, and also with a number of other 
observations on the general botanical characteristics of Gossypimn herbaceum 
cottons. 

I. THE E.NVmONMENT OF COTTON IN SOUTH GUJAEAT. 

Gujarat consists essentially of a flat plain lying almost at sea level, and 
stretching between the sea and various mountain ranges, from a hundred miles 
north of Bombay, northward to the fringe of the Eajputana desert. In the 
present description the conditions are considered which prevail in South 
Gujarat, of which Surat may be taken as the most typical centre, and which 
differ in a very marked manner both in climate and soil from the regions north 
of Baroda. 

The general aspect of this South Gujarat region, and especially of the 
puition from within five miles of the sea to twenty miles inland— where cotton 
is cliieflj?' grown, is that of a flat plain formed by the alluvium deposited in the 
basins of the Tapti and the Nerbudda rivers. The soil, being derived from the 
legion of the Ueccnn trap, has all the characteristics of the black cotton soil or 

^Studies in Gujarat. Cottons, Part I, if em. De2iL of Agri'^. htdia, BoL Ser, Vol XI 
No, 4, 1921. *' 
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regur of Western India, varying in depth and in stifinesB, however, considerably 

frora idace to place. _ ^ 

This black soil possesses in this region in a pre-eminent degree the power ot 
expansion and contraction on wetting and drying respectively, which is tJie 
most obvious character of black cotton soil. As a result, in the hot weather, 
it is traversed by deep and wide cracks which disappear with the first adv(;nt 
of the rains. The cracking of the soil is considered by the people to be a great 
advantage, as it leads to the surface soil being mixed wMi the subsoil either 
during the process of cultivation or during the first rains. The flow of the 
water into the cracks carrying with it a large amount of surface soil leads on 
the one hand to a capacity on the part of the soil to absorb a very large amount 
of rain — even up to seven or eight inches — in one contiinious fall, without 
surface wash or erosion, and to the conversion of a field into a series of basins, 
specially if the previous crop be a deep-rooted one, which needs to be levelled 
up before any further operation is undertaken. Though the soil at the first 
monsoon rain is capable of absorbing an enormous amount of water, once the 
cracks are filled up and the soil saturated, the water drains away so slowly, that 
it can only absorb furiJier water with, difficulty, and if the rain remains con- 
tinuous and heavy, erosion takes place, water stagnates on the surface and all 

the signs of temporary water-logging are seen. 

The following analysis of typical cotton growing soils from two centres 
in the tract in question will indicate some of the cliaracteristics which are 
found. The surface soil is from the surface to eight inches deep ; the subsoil 

represents the next eight inch layer. 



Stoat 

Navsari 


Surface 

soil 

Subsoil 

Surface 

soil 

Subsoil 

Mechanical analysis 

Per cent- 

Per cent. 

Per cent. 

Per 'cent. 

Sand (particles over 0'032 mm. diameter) 

26*0 

23*3 

32*9 

34*2 

Fine sand (particles 0'016 to 0*032 mm. ) 

33*0 

31*0 

23*8 

24*9 

Coarse silt (particles 0*006 to 0*016 mm.) 

17*3 

20*0 

18*9 

18*2 

Medium silt (particles 0*004 to 0*006 mm.) . . 

12*6 

13*9 

12*6 

11*8 

Fine silt (particles 0*002 to 0*004 mm.) .. j 

6*6 

6*3 

7*4 

6*0 

Clay (particles under 0*002 mm.) . . I 

3*6 

4*6 

4*4 

4*9 

Chemical analysis 





Organic matter and combined water 

6*0600 

5*4600 

6*0900 

5*8100 

Lime (CaO) . • .. 

Combined carbon dioxide 

2*5700 

2*5300 

1*4400 

1*0800 

0*1700 

0*1600 

0*0500 

0*0500 

Available potash (KgO) 

0*0074 

0*0031 

0*0071 

0*0070 

Available phosphoric acid (PjOg) .. 

0*0070 

0*0030 

0*0066 

0*0044 
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The mechanical analysis hardly illustrates the real character of these soils. 
It, however, shows them as essentially coarse grained soil, their clayey and 
plastic cliaracter being due to a large proportion of actual colloid inatoriai 
which an ordinary mechanical analysis is not able to show. From tlie chemical 
point of view the soil contains much lime extractable by hydrochloric acid, 
but very little of it in the form of carbonate. The available potash and 
phosphoric acid, as determined by Dyer’s method, is about normal for this 
class of soils in the tropics. 

The soils which have been described are typical of the real centre of the 
cultivation of broach desM cotton in South Gujarat, and the centres in which 
this cultivation is most highly developed, are actually in the Surat District. 
North of this, even in the Broach District itself, the purity of the cotton 
grown rapidly declines and the production is chiefly a mixture, of broach deshi 
and goghari cotton. In this, area the soil also phanges in character, becomes 
much lighter in agricultural character, and ultimately, as one goes further 
north, is replaced by a typical alluvial silt to the north of Baroda. 

But if the typical broach deshi cotton area in Southern Gujarat has a 
characteristic soil, it may be at once said that the climate is likewise quite 
characteristic, the total rain being greater than in most of the Indian cotton 
areas, though that rain is entirely concentrated in the months from June to 
October. From the end of this last month (October) to the following June, no 
rain usually falls. The average figures for Surat and for Jalalpur (in the 
Navsari cotton tract) for 44 years are as follows ; — 



Thus the average total rainfall in the tract is between 40 and 50 
inches, but it is very variable, far more so than is usual in the American cotton 
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areas, producing cotton of similar staple. In Texas, for exfunple,^ tlie average 
rainfall in tlie growing months is as follows : — ■ 


Mouth 




Rainfall 
in inelies 

April . . . . 




3-0 

May . . 




3-7 

June . . 




3T 

July . . 




3-0 

August 




2*1 

SeiJtembcr 




2-9 


The co-efficient of variability for the Texas rainfall is in April 52*0, in May 
37’0, in June 50-0, and in July 46-8, or an average for these four most inrpori ant 
months of 46’4. At Surat, on the other hand, the co-efficient of variahilily 
of the rainfall works out at 76*7 in June, 50*9 in July, 08*9 in August and 91*3 
in September. This gives an average of 7T9, and sho^vs how much more 
variable is the total rainfall in the Surat-Navsari area than it is in Texas. 

This variability is illustrated by the following table showing the frequency 
with which certain ranges of total annual rainfall have occurred in the last 
45 (Surat) or 44 (Jalalpur-Navsari) years respectively. 



Numher of occ'unKiiNCES 

Range of total i-jiinfali 



iSurat 

.lalaipur-Niivsnri 

Under 16 inches . . 

2 

1 

16 to 24 „ .. 

5 


24 to 32 „ 

5 

4 

32 to 40 „ . . 

11 

' 7 

40 to 48 „ . , 

S 


48 to 56 „ .. 

7 

5 

o6 to 64 „ . , 


7 

64 to 72 „ . . 

1 

6 

72 to 80 „ . . 

0 

3 

Over SO „ . . 

1 


Total 

45 

44 


At Surat the most frequent rainfall is betw^een 32 and 40 inches, with 
a greater likelihood of it being over 40 inches than under 32 ; at Jalalpur- 
Navsari there is almost equal probability of the rainfall being anywhere 
between 32 and 64 inches. 

V* Kmcer, J. B. Correlation of weulher cohditiona and production of cotton in Texaa, 
UonMy Weather lieview, Vol. 43 , p. 64 (February 1916), 
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treating the rainfall for eaeli of the rainy mouths (June to September), 
the fre^iuency of various amounts of rain is shown in the following table 






NumBEE of OCCUBEENCES 



Range of monthly 








_ 

rainfall 



Surat 



Jalalpur-Navsari 


June 

July 

August 

September 

June 

July 

August 

September 

Under 4 inches . . 

15 

3 

13 

22 

11 

1 

8 

13 

4 to 8 „ 

10 

3 

16 

11 

11 

5 

13 

17 

S to 12 „ 

8 

6 

7 

5 

10 

4 

11 

3 

12 to 16 „ . . 

6 

12 

3 

5 

3 

5 

4 

6 

16 to 20 „ 

2 

8 

5 

1 

6 

8 

4 

6 

20 to 24 „ 

4 

4 

1 

0 

1 

5 

4 

0 

Over 24 ,, . . j 

0 

' 9 

0 

1 

2 

10 

1 

0 

■ 0 


The most frequent rainfall in Surat is, therefore, below 2 inches in June, 
between 12 and 16 inches in July, between 4 and 8 inches in August and 
below 2 inches in September. 


At Jalalpur-Navsari, on the other hand, a rainfall of anytliing below 
12 inches in June is almost equally probable, while the most frequent 
amount of rain in July is over 24 inches. In August and also in September 
the commonest rainfall lies between 4 and 8 inches. 

With the present information in hand it is difficult to establish a close 
correlation between the total rainfall and the average yield of the cotton crop 
in this region. The table at the end of the present chapter indicates the 
total rainfall and the average yield of seed cotton in cottoa-jowar {sorghm,) 
rotation on the Surat farm in every year since 1897. From this it will be 
seen that the 2 years of the highest yield, when crops of 643 lb. (1912) and 
631 lb. (1920) of seed cotton were obtained, had a rainfall of 51*68 inches 
and 25*02 inches respectively. Similarly the lowest yield is given in 1900 
(87 lb. of seed cotton) and 1911 (91 lb. of seed cotton) wdth a rainfall of 
34*19 inches and 17*30 inches respectively. On the other hand, more than 
an average crop was obtained with a rainfall of 17*66 inches in 1918-19. It 
is, in fact, obvious that any connection between the total rainfall and the 
yield is very indirect, and that a much closer analysis is required if any 
correlation between rainfall and yield is to be established similar to that 
which has been made out to exist in, Texas. 
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TeMTERATUEE IN THE SURAT COTTON AREA. 

^ The following table shows for each month at fsiirat (1) the 
mum shade temperature, (3) the average miiiimiini sluule tempo 
the absolute maximum temperature. 


Ataoluto xmaximum 
shade tonxpeniture 
(average of 10 years) 


Average maxbuuni Average ininimuin 

shade temperature shade temperature 
of 38 years of 38 years 


Mouth 


Januarj’- 

Pohru-u" 


August 
September 
October . 


November 


December 


The cotton is sown normally in June and the crop is reaped from February 
to April. The period of most rapid development of the plants is in October, 
after the rains are practically over, and when all chance of water-logging oC 
the soil has ceased. October is, however, a very hot month, for though the 
minimum temperature is falling at that time of the year, the maximimi reaches 
the highest point in the year, except for the hot weather from March to May. 
After October the rate of growth diminishes. The high temperature in March 
and onward causes very rapid and often premature opening of the later formed 
bolls. No frost is to be feared in this tract, the lowest temperature on our 
records being 42°F. in February 1911 and iT'^F. in January 1900. Neither 
of these temperatures affected the cotton in any way. 

The mean temperature during tlie growing period is considerably higher 
than that in other -countries producing cotton of eqiial or better staple than 
that obtained from South Gujarat. The following figures may be interesting 
in this connection. 
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• ■ 1 

MeAII TEMPERATtlEE 


April to August 

September to November 


' 

“p 

America 



Mississipxn .. 

76 

66 

Texas ., 

76 

71 

Georgia 

69 

62 

Fgypt 

Cairo 

76 

71 

Surat 

85 

81 


Humidity. 


Seeing that the Navsari area produces the best quality of broach cleshi 
cotton and this is probably the best staple cotton in India, the effect of the 
humidity of the atmosphere on the quality of this cotton cannot be left out of 
consideration. The Navsari tract is, in fact, the most humid in the India 
cotton areas, and the local belief is that this humidity has a good deal to do 
with the quality of the cotton produced. This is in accord with experience 
elsewhere. Orton^ claims that humidity is a prominent factor in the 
production of nice staple and illustrates the fact by the case of Sea Island 
cotton. 

Unfortunately there are no records of humidity for Navsari, where, as 
has already been stated, the best staple cotton in the tract is grown, but we 
have figures for Surat and can compare these with the data for other cotton 
growing countries. Dividing the growing period into two periods we have 
as follows : — 



Humidity 


April to August 

September to November 


Per cent. 

Per cent. 

Atnerica 



Mississippi 

83 

82 

Texas 

82 

80 

Georgia 

79 

84 

Egypt 



Cairo 

52 

64 

Surat 

77* 

57t 


Orton, ?7. Farmer's JBuUetm 302, p. 9 1907). 

* June to September. f October to December. 


i 
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The periods taken in the case of Surat and of the other tracts are siiglitiy 
different, because the periods of growth are not quite tlio same. .But they 
represent in each case, in the first column, the growing pj'iiod of tlie i)lii,nt, 
and in the second coliirun, the flowering and boll forming ])eriod. Timy show a 
remarkable agreement between the humidity of the growing period at Surat 
and in the American cotton states, the figures being much higher than in 
Egypt. The flowering and boll forming period at Surat is, however, very 
much drier tlian in America and distinctly more so even than in Egypt. Th ere 
Is, in fact, a sudden decrease in humidity after September, as the following 
figures show : — 


Month 

Humidity :it Hurat 





Fer cent. 

June 




7J 

July . . 




78 

August .. 




79 

September 




78 

October 




57 

November 




57 

December 




59 


Closely connected with the effect of temperatuj'e and huniidity is the 
reported influence, in the region we are considering, of a cold north wind, 
locally called liimalu, which tends to prevail at intervals from the latter part 
of December to the early part of February. During its prevalence the rapidity 
of development of the flowers is much reduced, and if the period coincides with 
the last stage of flowering, this suddenly cea.ses. The vigour of the jdant 
also seems to be affected, as flowers producing bolls after such a [)eriod give 
seeds with a smaller weight than during the rest of the season. 

Method of growing bboach desei cotton. 

With the soil and climatic conditions vdiich has been described, the broach 
desM cotton is grown in the following manner. The normal rotation is that of 
cotton aiidjo^ivar {.indropogon Sorghum), and preparatory tillage for the cotton 
crop begins about the end of April by tlie harrowing of the fields to remove 
the stubbles of the previous crop. If manure is used in the rotation, 
it is usually applied in May or June, previous to the cotton crop, but this 
consists exclusively of cattle manure, and artificial manures have Jiever been 
used, hitherto, on any large scale. 

The seed is usually sown by a two-foot drill in June, at the first opportunity 
after the first rains. The seed rate i.s ten to twelve pounds per acre. Tn many 
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cases the first sowing fails, either owing to a break in the rains or, far more 
frequently, to excessive rain after sowing, and has to be repeated. After the 
plants liave five or six leaves, they are thiimed to a distance of one foot between 
the. plants in the row. By this system the usual stand of plants oldained is 
about 75 per cent. The crop is intercultured with a blade harrow two or three 
times, and finally this process is repeated deeply in October either with the 

country plough or with the blade harrow. 

The crop in a normal year flowers by December and tlie first crop of 
cotton IS gathered at the beginning of March. It is harvested in three 
pickings. The normal crop of the Navsari-Siirat area is 3G0 lb. of seed 
cotton per acre equal to about 110 to 120 lb. of clean cotton per acre. 

The root system of cotton in South Gujarat is very deep, usually going to 
3 to 3-i feet. The secondary root system is specially well developed, and 
commences from almost immediately below the surface level. 


Table showing the rawfall and the yield of hapas -per acre at Surat. 


Year 

Total rainfall j 
ill inches 

Yield 
in ifi 

ReM-UIKS 

1897 .. 

39-02 

351 


1898 . . 

30-84 

175 


1899 .. 

tl8-47 

116 

16 inches of rain in 11 days in 
July. 

1900 .. 

34-19 

87 

Se^^ere bollvvorm attaclc. 

1901 ., 

16-80 

129 

Average yield of the whole 
experimental area. 

1902 .. 

54-58 

409 

1903 .. 

41-00 

3SS 


1904 .. 

13-40 

242 

4-71 inches in July and 

3-91 inches in September. 

1905 . . 

19-82 

370 

8 ineliea of rainfall within 12 
days. 

1906 .. 

30-17 

437 

1907 .. 

38-88 1 

500 

Sown in September. Early set- 
ting in of cold in November. 

1908 ., 

47-45 

426 


1909 .. 

53-31 

397 


1910 .. 

32-09 

415 


1911 .. 

! 17-30 

91 

North-eastern winds with cloudy 
weather in November. 

1912 .. 

51-68 

643 


1913 .. 

33-36 

449 


1914 .. 

60-64 

546 

j ; 

1915 ,. 

26-90 

296 


1016 .. 

57-16 

512 


1917 .. 

60-42 

512 


1918 .. 

17-65 

405 

7*8 inches of fall one clay. 

1919 ., 

41-97 

371 

1920 .. .. .. 

20-02 

631 


1921 .. 

48-23 

440 
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11. THE HEEEDITARY NATUEE OF CERTAIN OHAEAOTEES 
IN BROACH DESHI COTTON. 

In tlie antlioEs previous Memoir lie lias discussed t,lie question as to udiat 
characters are hereditary in goghari cotton. The general conclusiojis reached 
there for goghari cotton remain true for broach deshi cotton, but it is possible 
to consider the heredity of certain other characters, as the result of 
experiments more recently conducted. 

{a) Hereditary nature oe length oe internodes on the main 

STEM AND MONOPODIA. 

The shape and character of a plant very largely depends on the length, of 
the inteniodes on the stem. Long internodes mean a tail and sparse plant, 
short inteniodes mean a short and bushy plant. In cotton this dilTerence is 
of very great importance, so that the question as to how far a type of cotton 
selected for its tall sparse habit will remain so in successive generations is of 
more than academic interest. The importance is particularly great in the 
Surat black soil during the first part of the growth, when the mortality is 
apt to be very great in low growing types. In 1921-22, for example, the 
mortality during the continuous rain from July to September was greater with 
plants of these types. Kottur^ considers that, in Dharwar, short iiiteriiodes 
often injuriously affect the development of fruiting branches. On the other 
hand, Burt^ has found in Northern India that plants with long inteniodes are 
usually straggling in general habit, and tend to produce long weali lateral 
branches. 

The hereditary character of this feature has been considered by Bennot^ 
who states that the length of the internode is chiefly controlled l)y the 
breeding of the type, and that while the water supply afiects the length, it 
acts similarly on long and short jointed types of cotton. Cook* also 
calls attention to the definitely hereditary character of the feature under 
discussion. 

The results which the author has obtained in the last three years have 
confirmed for broach deshi cotton in every respect the view's expressed by 
Bennet. While the relative length of the internode in different pure types 
remains similar, the actual length varies enormously in different years. Thus 

^ Bombay Dept of Agri. Bull. 106 (1920), p. 17. 

8 Pma Agri, Bes. Inst. Bull. 88 (1919). 

3 Bonnet. Metliod of breeding early cotton to escape boll weevil damage. U. S. Farmers 
Bull. 314(1908). 

^ Cook. U. S. Dept. Agri. Bur. of FI, Indus. Bull. 169 (1909). 
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to take two pure lines of broach deshi cotton, tlie actual average length of tLe 
internodes on the main stem from the first to the sixteenth internode was as 
follows :~ 


ytrtim 

Length, of internode at Surat 


1919-20 

1920-21 1921-22 


cm. 

cm. j cm 

1-A Long Boll .. 

21-8 

30-6 ! 14‘5 

1-A Cylindrical Boll . . .. 

24-7 

37-0 i 17-7 

1 


In 1919-20 the rainfall was heavy, with breaks ; in 1920-21 the rain was 
in comparatively light showers, with breaks ; in 1921-22 the rains were 
continuous and heavy from July to September. It will be seen that the 
relative diiference is maintained, wliile the continuous rain of 1921-22 lias 
reduced the length of the internodes enormously. 

In this connection it is interesting to consider, in single strains, the 
relationship between the length of the several internodes on the monopodial 
branches, and the occurrence and length of the fruiting branches which arise 
from them. On these monopodia the fruiting branches arise (in the strains 
studied) chiefly from the fifth node and those beyond it. Wherever there is a 
short iiiternode, however, the number of failures to form a branch at the 
succeeding node is very great, and this applies in the case of several strains. 
To ascertain how far the connection was a real one, the internodes on tlie 
monopodial branches of tbree strains, t'wo of broach deshi and one of goghari 
were measured, and the success of branch formation at the succeeding nodes 
determined. One hundred or more plants were measured in each case, and the 
average taken. 


I 

III/: 
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Still another interesting connection appears to exist, at least in certain 
strains, between the length of the monopodial internodes, and the length 
(in nodes) of tlie fruiting branches (sympodia) which arise from tliem. Strains 
which have long inonopodial internodes give short (few noded) fruiting 
branches and vice versa. 



Qoghdri .B-3 

1-A Long 
Boll 

1-A Gvlindrical 
.Boll 


cm. 

cm 

cm. 

Averagelenylli of monopodial internode . 
Average number of nodes on fruiting 

31 

2-5 ■ i 

2-5 

branches from the monopodia 

,1-6 

1-7 1 

2-4 


Tliis point, however, needs considerably extended observations before 
the general applicability of the principle can be maintained. 


(b) Hereditaey nature of the length of petioles op 
LEAVES ON THE MAIN STEM. 

The length of the leaf petioles is, of course, an exceedingly variable factor, 
depending on the vigour of the plants, the season in which they are grown, 
and tlie position of the leaf of the plant. Its close correlation with the size 
of the leaf blade, moreover, will be discussed later. But the relationship 
between the length of the petiole of leaves in a similar jiosition on plants grown, 
side by side, seems constant, and hence the presumption is that we are in fa{?e 
of a hereditary character. The average length of the petioles of various leaves 
on tbe main stem in successive seasons (taken in each case from not less than 
150 lilants) is as follows, with two pure iwpes of broach deski cotton. The 
leaves are niim])ered from, the base of the plants. 

! Length of the petiole 
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(f3) Hereditary nature op the number op monopodia in a 
STRAIN OP COTTON. 

Tlie number of monopodia in a plant determines in a very large measure 
its growing cbaraoter, and hence the question as to whether the tendency 
to produce monopodia is hereditary is a matter which has been always consi- 
dered of great importance. Leaked considers that it is one of the fundamental 
differences between various types of cotton and bases his classification of 
cottons to a considerable extent on the frequency of the occurrence of and the 
number of monopodia. Kottiir^ likewise insists on the stability of this 
character in the types of hmnpta (Gossypium herbaceum) cotton which he 
studied, and Burt^ gives similar results for some of the Cawnpore- American 
types studied by him. The experience of most of the American workers is 
similar, though they insist* on the very considerable variation induced in any 
one type by changes in environment. 

Using tb,e same criterion of the hereditary character of any feature of a 
strain which the author has previously employed, namely, the constant relation- 
ship of the character in two or more strains in successive years, the 
number of the monopodia has been determined in a series of at least one 
hundred plants of live different strains in 1919-20, 1920-21 and 1931-22. The 
results which follow show the modal value for the number of monopodia 
in each strain in each year. 


Strain 

Number of monopodia 

(Modal value) 




1919-20 

1920-21 

1921-22 

B-1 



6 

6 

6 

C-1 



5 

5 to 6 

5 

1 -A Long Boll 



5 to 6 


7 to 8 

1~A Cylindrical Boll 



6 

7 to 8 

8 to 9 

1027-A. L. P. 



6 


7 to S 


K-lc/ri. Jour. India, X, p. 116, PL 2 (1915). 

^ Poona Agri. Coll. Mag., X, No. 1, 

=> Film Bull. No. 88 (1919). 

'‘ Hudson. Arkansas State, Ex]pt. St. Bull. No, 168 (1920). 

U. 8. Bureau of Plant Industry Bull. No. 159 of 1909. Local adjustmeat of cotton 
varietie.s. 



Fig. 1. Variation in the number of monopodia in 1920-21 and 1921-22. 


(d) HEREDITji.RY NATURE OF THE PORITION OP THE FIRST PKUITINU 
BRANCH (SYMPODIUM) PORMPID ON THE MAIN STEM. 

Since a considerable proportion of tlie yield of cotton given by a. plant is 
produced on fruiting branches (syrnpodia) borne on the main stem, a,nd as this 
is the earliest cotton borne on the plant, it is ob-sdoiisl}’ of considerable interest 
to know whether the faculty to form such branches at a particular position 
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The results indicated in these figures are more strongly illustrated by a 
comparison of the frequency curves of the number of uionojualia in the series 
studied, and the following two figures compared these for two of the years 
studied in two of the above types. The general result is to cotifirm, for the 
broach deshi cotton studied, the observations recorded by other workers 
for other cottons, tjiat the tendency to form few or many monopodia is 
inherited. 


NUMBEf? 

OP P8-AMT5. 


1 A.CYLIHOHiCA4- TYPE. 


NUMBE.R OF MONOPODIA 
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NUMBER. OF MONOPOOIA 


Fig. 2. Variation in the number of 


lonopodia in 1920-21 and 1921-22. 


Agri. News, Barbados, XIX, p. 101. 

316771. Dept Agri. India, Bot. Ser., X, No. 6, p. 251 (1920). 
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fruiting branch arises determined for a series of plants all growing three ieet 
apart. The modal value for the results is as follows 


Strain 


Position of iubst fbuiting hban-ciit 


(Modal value) 



1 

1919-20 

1920-21 

1921-22 

C-1 .. .. 

17 

13 

17 to 18 

1-A Cvliiulricai Boll 

19 i 

lo 

20 

1 - A Long B{)11 . . . . 

1 IS to 19 1 

1 

14 

19 to 20 


The variation, however, in one and the same season in a pure strain is 
fairly wide, and different plants grotving under identical conditions vary 
hy six to eight nodes. The co-efficient of variability in a single season with 
regard to the above three strains is 
Strain. 


C-1 . . 

. . 1920-21 


12-S 


1921-22 


7'0 

1-A Cylinclrioal Boll 

. . 1920-21 


11-0 


1921-22 


60 

I-A Long Boll 

.. 1920-21 


11-5 

1921-22 


6-6 


The character is, therefore, very variable. The relative difference in 
the modal value is maintained, however, indicating the character to be of 
hereditary nature. 

(e) Hereditaey nature op the shedding op plower buds. 

The yield of cotton from any plant is determined by the immber of sound 
bolls produced, but this number is often far less than the possible production. 
There is, in fact, in every type of cotton and under every condition of cultiva- 
tion a loss of potential yield due to shedding of flower buds, flowers, or bolls 
during every stage of their growtli. At present we will limit our consideration 
to the loss of flower buds. This loss varies in different cottons from almost 
nil in Egyptian cotton to nearly seventy per cent, in the broach desJii cotton 
which we are now considering. 

In the broach deshi cotton in 1919-20, the loss at Surat was found to be 
71*7 per cent., in the following year it was 60*8 per cent,, Hiirl in 1921-22 it 
was 58*2 per cent. In American cotton it seems to vary between 14 and 17 
per cent.* and in Sea Island cotton it may rise to from 40 to 50 per cent.^ 

^ T.loycl. Annals of New Yorlc Academy of Sciences, Vul. 29, PP* f'-ad ^4. 



Peeoentage of flower bods forming 
FLOWERS 


Buds 
formed to 
November 
5th 


Buds 
formed in 
[whole 
season.;^ 


Buds 
formed to 
December 
9th 


Buds 
formed i; 
whole 
season 


TFcsi Ind. Bull, XYI, p. 74. 

Quoted by Lloyd, Jow. Agri. Ees,, III {February 1915). 


Naturally this loss is clue to many causes. Attack by insects accounts 
for a certain proportion ; unsuitable cultivation may lead to much loss; 
reduction in the moisture (iontent in the soil also accounts for a certain amount 
of shedding. But in spite of the inSuenee of all these and several other 
environmental conditions, the various types of cotton do seem to have varying 
capacity to mature the flower buds which they form. 

In this connection a very interesting observation has been made by 
Harland^ in the West Indies (St. Vincent). He found that, in certain types 
of native cotton, the tendency to shed flower buds was bighly developed, and 
that when these were crossed with Sea Island cotton the feature appeared 
to he inherited as a dominant character. Again Cook^ maintains that the 
faculty of shedding flower buds is a hereditary characteristic of certain 
brachytic types of cotton which he has described. 

The general position with regard to the loss of flower buds in Lower 
Gujarat lias been already noted and the seriousness of the loss on this account 
described. It may be worthwhile, however, giving the results of observations 
on the matter in more detail. In the first place, the number of flower buds, 
which are shed, varies very much in different parts of the season. The metliod 
of estimation was as follows. The number of flower buds formed up to a 
certain date (say 5th November) was counted. Otlier observations had shown 
that it required not more than a month for a flower bud to develop into 
a flower, and so all flowers formed up to one month later (say 5th December) 
were counted and the number compared with the number of flower buds. 
The results by this method in 1920-21 and 1921-22 are shown in the following 
table for a number of pure strains 
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In tlie onrly part of the season, l.hcrefore, tlie loss of flower Inids by 
shedding is apparently greater than in the latter j^art of the flowering period, 
and seems to vary very considerably in dilTercnt strains grown under ideiitica 1 
conditions. This difference between the success of the flower buds at different 
parts of tlie season seems, in Southern Gujarat, to depend mainly n})on the 
period and virulence of bollworni {Earias spp.) attack and in the number of 
buds present when the bollworm attack is at its highest. There seems also to 
be a definite difference between the susceptibility of the strains to bollworm 
attack, as is illustrated by the behaviour of strain “ B-1 ” in the a])ove 
table, where it shows a very high proportion of success in the early part of 
the flowering (period of bollworm attack), but the lowest percentage of 
success taking the whole season together. 

The ease of this strain “ B-1 ” is of special interest, for here tlie final 
low percentage of success appears to be due to the hereditary tendency to 
produce a larger number of flower buds in proportion to the vegetative growth 
than in any other case. Tliis clustering together of the flower buds seems 
closely to be connected with the loss of buds, more particularly to\^ ards the 
end of the season when the water supply is short. The clustering together 
of flower buds can be said to exist when the number of flower buds on each 
fruiting branch is more or when the number of fruiting branches is more 
in relation to the groAvth in nodes of vegetative hranclies, he., monopodia 
and axillary vegetative branches. These two can best be expressed togetlu^r 
by comparing the ratio of the number of flower buds to the groAvth 
in number of nodes of vegetative branches {i.e., monopodia and axillary 
vegetative branches). The diflerence between this aud other strains is 
shown in the following table, indicating the ratio of the number of flower 
buds to nodes on the vegetative branches of the plant. 


Strain 



Raiio of flowbe, buds 

GROWTH 

TO NODES OP 




1920-21 

1921-22 

B-1 



103 


1*25 

0-1 



0-54 


1*17 

1-A Ojliiidrica] Boll 



050 


0-90 

Selection 2 . . 



0*55 


1*00 

1027-.1 L. P. 



0*60 i 

■/ - - ■ 1 


0*88 
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Siiiiilarly the structure of tlie plaut in certain cases as in Selection 2 " 
(\vliere tlie bracts have a very spreading character in the earl 3 '- stages), or in 
C-1 (where there is a more open habit of growth than in other strains) 
leads to a greater power of resisting the bollv 7 orm attack, and hence these 
strains give a large proportion of success in the earlier part of the ftowering 
period. But making every allowance for all these environmental or struc- 
tural differences, the relative position of the strains in the difteroTit years, 
so far as shedding of flower buds is concerned, remains siifliciently similar for 
us to say that there is certainly a hereditary factor involved in tins case. 

if) Hereditaey nature of the shedding of flowers and 

YOUNG BOLLS. 

But the shedding of potential cotton-producing organs is not limited 
to the flower buds. In the broach deshi cotton this is by far of the greatest 
importance, but there is also, here as elsewdiere, a considerable amount of loss 
of flowers and young bolls. 

The extent to which this loss of flowers and young bolls takes place varies 
very much. Lloyd {1. c.), to whom we owe one of the most illuminating studies 
of this question, found that in his work the percentage of loss in 1911 was 42‘1, 
while in 1912 with American Upland cotton it WLas 28-0. A similar result was 
obtained with Sea Island cotton in the West Indies, where in 1916-],7 only 
17*2 per cent, of flowers produced bolls, 48 per cent, in 1917-18, and 37 per 
cent, in 1918-19.' In Egypt Balls^ gives 60 per cent, as being the normal 
proportion of flowers which pcoduce bolls. 

The causes which lead to this enormous loss have been investigated by 
many workers, and it has been ascribed to root pruning by deep cultivation, 
to excessive vegetative growth during the flowering period, to heavy rain, to 
severe drought, to overcrowding of the plants, to msuf&cient pollination from 
whatever cause, to insect attack whether by aphis, bollworm or boll-weevil, 
and to a number of other causes. But as noted by the workers in Egypt, 
there is a variable amount of shedding under perfectly normal conditions, 
dependent on the actual strain in cultivation, which they term “ consti- 
tutional shedding.” Tliis has also been noted elsewrhere, and has been 
attributed by Foaden^ to the development of a large number of flowers 

1 Harlaiicl. Wed hid. Bull, XVIII, p. 24. 

“ Balls. The development and properties of raw cotton. 

® Boaden. U. S. Bureau of Plant Industry BuHISIq, ( 3 % 



BoTnbay Dept, of Agri. Bulk No. 106 (1920), p. 18. 


to leaf surface and by Kottur^ to the bushy or erect character of f.ho 
plants. 

In the author’s own experiments the various pure strains which lie lias 
isolated from broach deshi cotton have shown considerably dilfercnt capacities 
to bring the flowers to maturity when grown under identical conditions. 'Che 
actual results, in percentage of. bolls to flowers which opened, in three years are 
as follows 


PeKCEK'JAGE OE EtpJi BOLLS TO OPEN 
PLOWEES 


1919-20 

1920-21 

1921-22 

40 

31-5 

29-3 

51 

48-5 

34 


38 

32 

53- 

40 

32 

47 

33-5 

34 

49. 

36 

38-3 


The differences between the different seasons were great, and generally 
the percentage of ripe bolls to open flowers is much less than in Egypt. But 
the loss is also seen to be in a measure a matter of strain, and those strains 
which give a higher or a lower percentage of success in one season will also 
tend to give generally a higher or lower percentage in another year with very 
different climatic conditions. This does not always appear, but there is 
sufficient constancy in the relative position of the various types to justify the 
conclusion that the tendency to a great or less proportion of shedding of 
flowers and young bolls is a hereditary character, though it is very largely 
masked by the effect of different environmental factors. 

While the question of flower and boll shedding is under considera- 
tion it may be noted that the flowers formed at different stages of the 
season have by no means the same chance of producing successful bolls. 

Observations on this point were made in both 1920-21 and 1921 - 22 , and the 
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Strain 


B-1 .. 

0-1 . . . . 
1-A Lonpe Boll 
1-A OvKudricai Boil 
Selection 2 .. 

1027-A, L.F. 
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following table sliows the results with three pure strains in these two 
years : — 


FliOWEKS FORMED ruODUOINO EIPB BOLLS 


Period of flowering 

B-1 

1-A Long Boll 

1027-A. L. F. 

1920-21 

1921-22 

1920-21 

1921-22 

1920-21 

1921-22 


% 

0/ 

/o 

% 

% 

/o 

0/ 

/o 

First three weeks 

40 

21*5 


15 


57 

Fourth week 

79 

38-5 

63-6 

16*5 

72-6 

50 

Fifth 

65 

65 

75 

32 

79 

45 

Sixth „ 

49-5 

61-6 

72 

56-5 

69 

65*5 

Seventh „ 

14 

58 

67 

64-5 

36 

70 

Eighth „ 

3-5 

68 

38-5 

63 

18-5 

58-6 

Ninth „ 

3-0 

64 

16 

58 

8-5 

46 

Tenth ,, 


20 

6 

28-5 

0-5 

14 

Eleventh „ 


2-5 


4 


1-5 


The early flowers in most strains and the late flowers in all strains are very 
largely lost. The early loss seems chiefly due to the attack of bollworm and 
wherever bolls are produced from the flowers opening at this period the produce 
is always much attacked by this insect. 

This is shown by the number of seeds per boll obtained at different parts 
of the season, a small number indicating that the remainder have been 
destroyed by insect attack. The following table gives observations on this 
point. 


Seeds per boll — ^average) 


Strain j 

To Decern- i 
ber 12th 

December 13th 
to January 13th 

Whole 

Season 

Healthy 

bolls 

1 A Long Boll 

13*4 

18-6 

,19-2 

22-f. 

1027-A. L. F, 

8*4 

16-5 

16-4 

21-0 


The loss at the end of the flowering season may be due to water shortage, 
though on this point we have no evidence. But it is certain that at the time 
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wlien tlic percentage of siiecessful bolls begins to go down, the seed weight 
also declines, leading consequently to a reduction of lint weiglit ]hu.' seed 
and per boll 

Oiu‘ moi’e point of interest arises in connection with the shedding of ^lo\^■ers 
and .young bolls. Is the proj)ortion of shedding affected by tlie class of braiw'li 
on which the flowers are borne ? The following table shows the records nnulc 
on this point in 1919-20, though it must be recognized that the effect of the 
character of the branch on which bolls are borne may easily have been masked 
by other factors. So far as the figures show anything, they indicate little 
influence of tlie branch bearing the flowers on their success. 



PeKGENTAGE op SUCOESSPITL PLOWERS 

Strain 

On 

primary fruiting 
branches 

■ 

From 

monopodia 

From axillary 
vegetative bra nolies 

Selection 2 

44 

50 

47 

1-A O.vlindrical Boll . . 

57 

51 

55 

1027-A. L. F. 

G5 

43 

4,8 

C-1 .. .. .. i 

50 

50 

51 

B~1 ■ . .. .. ■ . ..■ 

24 ' 

39 

43 


The general observations made in connection with the sliedding of 
flower buds, of flowers and of bolls lead to a much higlu'r et)iH!('])tion of 
the loss on this account in South Gujarat than is usually held. The total 
percentage of loss, in all these forms with several pure strains, has been as 
follows : — 


1~A Long Boll 
i{)27-A. L. P. 


Total loss by shebdikg 


(Percentage of bolls to flower buds) 


1920-21 

1921-22 

10-7 

ll'O 

14-8 

12-7 

13-5 

16-S 
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The strain “ l-A Long Boll ” retains its position as the latest type of these 
cottons throughout these seasons though they are different fiindainentally in 
character, and tlie relative position of the others is very largely maintained. 
The e\ddonce of these figures is, therefore, that the character of earliiiess or 
lateness of flowering is liereditary, though the actual dates of flowering are 
much modified by the environment in any specific season. 


It is difficult to conceive that the percentage loss by shedding re])reseuts 
always over 83 per cent, of the flower buds formed, and with some strains may 
go up to 89 per cent. The importance of checking, at anj’' rate, s<'>mc portion 
oi this loss, whether by the selection of less shedding strains or by measures to 
deal with the factors of environment which lead to it, obviously cannot be 
over-estimated. 


ifj ) Hereditary jstature op early or late flowering . 

The appearance of flowers and the rapidity of flowering depends on the 
successful growth of the flower buds formed. The course of normal flowering 
is usually something as follows. The .seed is sown in June, the fir. st flower 
buds appear from five to ten iveeks later, and the first actual flowers open 
from the fifteentli week onward. The actual floivering lasts from eight to 
twelve weeks, approximately from November to the latter part of January, 
and bolls ripen from the liegimiing of ]\IaTch to the middle of April. 

Idle proportion of the totaJ, flowers produced and borne in the last part 
of the flowering season is a measure of the lateness of the strain grown, and the 
following figures show for four of our broach r/csAi' .strains what has been found. 
The period of flowering in difierent years is not the same owing to the variable 
weatlier conditions, but in 1919-20 and 1921-22, the la,st two weeks during 
which flowers were formed in any of the strains studied were the twenty- 
eighth and twenty-ninth weeks from germination. In 1920-21, the period 
of growth was shorter and the flowering ceased after the twenty -second ox 
twenty-third week from the time of germination. 


Strain 


PllOPOKTlON OP TOTAL FLOWERS 1^EODUOE0 IE THE 
LAST TWO WEEKS 

1919-20 I 1920-21 I 1921-22 


C-1 

l-A Long Boll 
l-A Cylindrical Boll 
Selection 2 . . 


9-0 

lo-4 

12-4 

3*1 




{h) Hbbeditary nature of the size and shape of the bolls. 

Til tlie autlior’s previous Memoir, it was shown that tlie size oi the holl was 
hereditary in gogJiari cotton, taking the quantity of ha'pas per boll as a measure 
of the size. This is not a perfect measure of the size owing to the occurrenee 
of three and four celled bolls. The latter are larger in size, but the extra 
number of seeds and hence the extra amount of hapas they contain is by no 
means proportionate to the increase in size. In one of the desfii strains 

(“ B-1 ”) a large number of three-celled and four-celled bolls were examined 
in 1920-21. and in two others (“ 1-A Long Boll” and “ 1027-A.L.E.’') in 
1921-22, and the extra number of seeds in the four-celled bolls determined. 
The results were as follows : — 


: Strahx ■ 

NUM-BEll or SU13BS 

3-celled boll 

.l-cellecl boll 

B-1 

(1920-21) .. 

19-6 1 

24-7 

1-A Long Boll 

(1921-22) 

22'3 

26'5 

1027 A. L. F. 

(1921-22) . . 

22*3 : 

28-3 


Thus the addition of approximate!}^ 33 per cent, to the size of the boll has 
led to an increase in number of seeds of 2G per cent, with “B-l,” of 19 per cent, 
with “ 1-A Long Boll” and of 27 per cent, vdth “ 1027-A.L..F.” A similar 
variation due to the presence of four-celled bolls has been noticed by WoHs^ 
in 1919 and Gilpin in 1920. As this variable factor occurs, it is necessary to 
investigate the extent to which the frequency of four-celled bolls is hereditary 
before the size of the bolls can be used as a measure of the relative amount of 
hapas they are capable of giving. The matter has been studied in five 


'^JouT. Agn. Res., XXI, p. 238 . 


strains of broach deshi cotton in 1920-21 and 1921-22 
re.sults 

with the following 


PjsaCBNTAGja or 4-CBLi.En bolls I 





1920-21 

. . 

1921-22 'j 

1027-A. L. F. 

230 

. 13*8. 

1-A Long Boll .. .. 

17-0 

. 5-8 

C-1 . . . . 

Selection 2 . , . . * * 

ll'O 

S-0 

2-9 

1-A Cylindrical Boll . . , . . . i 

1‘0 

0-3 


2081 
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Thete.e figures show that the relative position of the strain in this 
particular is maintained, although the proportionate reduction is not equal 
wiiJi th(. different ones. The character is obviously hereditary, and the 
relative size of the bolls in different types of cotton may be used as a rougli 
measure of the relative yield of ha'pa^. Taking one hundred bolls in each 
case, the amount of haq)as obtained in each of the last three years was as 
follows, with the five strains named below. 



Quahtity OS' kappas per 100 

BOLLS 

Strain 





1919-20 

1920-21 

1921-22 


grm. 

grm. 

grm. 

1027-A. L. P. 

214-9 

222-.3 

234-0 

.l-A Long Boll 

226-6 

239-8 

251 -5 

C-1 

165-2 

169-6 

191-8 

Selecstion 2 

198-9 

204-7 

2.81-6 

1-A Cylindrical Boll 

203-2 

198-9 

224-6 


The relative difference is maintained year after year in all the strains 
except in “ Selection 2 ” in 1919-20, in comparison with “ 1-A Cylindrical 
Boll.” The difference in these in any year is, however, very small, probably 
less than the error of sampling. 

One more point of interest arises in connection with the relative size 
of bolls as affected.' by the type of branches on which tliey are borne. Kottur 
has stated (b o.) that in himvpta cotton nine bolls on. primary fruiting branches 
(sympodia) are normally equal to ten on secondary fruiting branches borne 
on monopodia and to twelve on fruiting branches arising from axillary 
vegetative branches. This was studied in one of the hroaoh desJii types 
(“ 1-A Long Boll ”) in 1919-20, with, the following results, based on actual 
measurement of the bolls in each case. The length of the bolls was taken 
from the gland to the tip of one of the cells, and the width was the greatest 
width of the cell of a boll.- 


di; 
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Hence, the difference noticed by Kottur does not seem to occur, and 
in this strain the bolls are of very nearly equal size on wliatevcr part of 
the plant they are borne. 

In 1919-20 only two measurements were made, namely, the length from 
the gland to ti]) and the greatest width of the bolls. The whole records lor 
each of the pure types of broach deshi cotton as grown in Surat are shown in 
the accompanying table. This distinctly shows that tlie relative difference 
is maintained. 


MeASOEKMENT OF BOLLS 


Stram 

Length from gland to tip 

Greatest width of o 

no cell 


1919-20 

1920-21 

1921-22 

1919-20 

1920-21 

1921-22 


cm. 

cm. 

cm. 

cm. 

cm. 

eiu. 

1-A Long Boll 

3-8 

3'6 

30 

2-4 

2-2 

2-2 

1027-A. L. F, 

3-0 

3-4 

3-4 

2-2 

2-1 

■ 2-2 

1-A Cylindrical Boll . . 

3-2 

3-2 

31 

2-2 

2-1 

2-1 

Selection 2 

3-2 

3-1. _ 


7-.2;2^ 

2-2 

2*2 

C~I 

31 

.■'2';9 '■ 

3*0 ’ 

:.\S 

2-0 

2-0 

B-1 .. .. 1 

ii 

\'/2-9 


2-0 < • 

} 

2-0 

2-0 


While we have the constaiiey of type. i.n.-th^i^|ldik''of the same pure 
strain, from year to year, the oVdinary broach (leslii 'cotton grown is very 
variable intleed. Plate 1 shows the ty])e of 'Boll represented by the different 
strains considered in the present paper. The experience gaincfl with 
each of these pure strains for a series of years beans, however, no doubt 
as to the hereditary character of the shape and size of the boll in each 
of them. 

(i) HERETOTARY nature of the length of the SEEI) hairs 
(staple). 

The variation in the length of the seed liairs, even in a uniform pure ty pe, 
has been long known to he very great, but there seems iu each case a limit to 
the variability. Ballsi from liis work in %yi>t considers that every strain 

^ Balls. Mendelwi studies in Egyptian cotton. 
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of cotton has the property of forming seed hairs of a minimum length, and '“"V, 

that this will not vary more than 25 per cent, under extreme conditions. He^ i 

also has found that the first pickings in Egypt give long lint, while from the 
later pickings, various lengths may be found in dilTerent seeds from the same 
boll. He® also maintains that variation in the water content of the soil at 

certain stages after the opening of the flower, whether from variations in * 

temperature or otherwise, afiect the length of the seed hairs, as the growth i > 

of the hairs is at its maximum between the fifteenth and twenty-first day , 

after the flower opening. Further, the length of the lint varies with the 
position of the seed in the boll, and the position of the lint hairs on different 
seeds. , 

These last points have also been noticed by other workers. Cook^ states f • 

that in Upland American cotton long hairs occur at the end of the seed i 

and short fibres at the base. In Egyptian cotton {Mctafifi) the longest 
fibres are found in the middle of the seed and short fibres on the ends. 

Kottur {L c.) in himvpta cotton lias found that the tip of the seed bears 

short hairs and the base bears long ones. The seeds at the apex of the 

ceils of the boil also produce shorter hairs than other seeds in the same i 

boll ■ ' ■ 

The observations which have been made in connection with the present [ 

study of broach desM cotton indicates that the seeds from the middle of the boll 1 

always have longer hairs, while those at the bottom, and specially on the ^ 

side of the seed facing the base of the boll, have hairs of inferior length. The ^ * 

difference in the length of hairs’ from the different parts of the boll is shown ■ ' ' 

by the following measurements. , i 

Mean length, of lint hairs from seed at middle of boll I 

(moan of 280 observations) .. .. ... 2*4 cm. 

Mean length of lint hairs from seed at the base of a lock . , 2'2 cm ; 

■f 

The relative length of the lint hairs from different parts of the same seed ^ ' 

in the broach deshi cotton types is slightly different from that described ^ ; 

by .Kottur for the other variety of Gossijpkim /«er6ace«m which he studied. ; 

The hairs at the tip are the shortest, while those in the middle are the : 

longest. 

As regards the variation in length in the different parts of the season, as 
represented by the first, second and third pickings, the following figures show i . * 

Bails. Notes on 31 endelian heredity in cotton Sit Ca:iro. ; 

“ .Balls. 2' he davelopinent and j)roperties of raw cotton, p. 115. 

^ U. Bur Plant Industry Ball, No. l5Q,p.\Q. ; i 
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the diilerences in tlie mean length in the difierent parts of the seed, for tliree 


pure strains. 


Strain 

Mean length op seee 

1 HAlXtS 

First picking 

Second x^ieking 

Third picking 


cm. 

cm. 

cm. 


1. Tip of t 

lie seed. 


1027-A. L. F. 

2T 

2-0 

1-0 

Selection 2 . • 

2T 

2'1 

F9 

C-1 

1-7 

1-7 

F7 


2. Middle c 

if the seed. 


1027-A. L.F. 

2'8 

2-5 

2*3 

Selection. 2 . . 

2-4 

2‘5 

2-3 

C-l 

2T 

2-0 

2-0 


3. Base of 

the seed. 


1027-A. L. F. 

2-4 

2-3 

2‘2 

Selection 2 . . . . 

2-3 

2*4 

2'2 

C-l 

20 

2-0 

ro 


From these figures, it is evident that the hairs from the first picking 
are usually the longest, though the produce of the second picking is very 
little less in length. The last picking is, however, uniformly inferior in 
staple. 

The variation in the lengtii of the staple in the produce of different kinds 
of branches was studied in two of the pure strains in 1919-20 with the following 
results: — 


Strain 

Mean 

length O.P seed hairs 

On jurimary 
fruiting 
hi-anclies 

On branches 
arising from 
limbs 

On brancheH 
arising from 
axiliaries 


cm. 

1 

1 cm. 


1. Tip of th 

e seed. 


1~A T..Qng Boll . . 

2-2 


2*2 

1-A Cylindrical Boll . . . . 

2-2 1 

1 2-1 

2' 2. 


2. Middle of 

the seed. 


1-A Long Boll . . 

2-5 ' ] 


2*0 

1-A Gyiinclrical Boll 

2-5 ' 


2*8 


3. Base of the seed. 


1-A Long Boll . . 

2*3 

2*2 

2*3 

3 -A Cylindrical Boll .. 

2*4 

2*3 

2*4 



From tliese figures it will be seen that there are wide variations in staple 
of the cotton produced by a pure strain from season to season. In 1920-21, 
a drjr season, the shortest staple was obtained, though the reduction was much 
greater in some types (as for example, 1-A Cylindrical Boll ”) than in others 


MAGANLAL L. PATEL 


The staple of the produce from the fruiting branches borne on tlie primaiw 
monopodia (limbs) is very slightly shorter than from the bolls borne on tlic 
other two types of branches. This clearly proves that the increase or decrease 
m the number of limbs in different strains of a variety will onlv very s]i<ditly 
affect this character. " » . e . 

The system of measurement of the staple of the lint hairs produced by a 
type of cotton is a matter of importance in any critical study of this question 
ixarland measures it on five seeds of each type. Balls recommends that seven 
.seeds ot each type should be used for the purpose and the average taken, 
while tlie West Indies authorities advise that ten seeds taken at random should 
be employed, the average of these being taken as before. The author has 
adopted the system of measuring the lint on the seeds in half of a cell, taken 
from three bolls to be chosen from all pickings of a single plant wlien the 
comparison is to be made of the produce of individual plants of a strain. 
When comparisons of strains are to be made, the hairs of one hundred seeds 
are measured, again all the seeds of half a cell being taken. The measurements 
are always taken at the tip, the middle and the base of each seed. 

Using this method, it is possible to get very reliable results in testing 
whether the relative length of the lint hairs in different strains is maintained 
m different years and so a determination made as to whether this character is 
hereditary or not. The actual results with five pure strains arc as follows ; — 


Average length of seed hairs 


Strain 


1919-2( 

) 

1920-21 

1921-22 

Tip 

Middle 

Base 

Tip 

Middle 

Base 

Tip 

Middle 

Ba.se 


cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

1027-.A. L. F. .. 

2-2 

2-7 

2-4 

2-0 

2-5. 

2-3 

2-4 

2-9 

2-S 

1-A Long Boll . . . . 

2*3 

2-6 

2-4 

20 

2-5 

2-5 

2T 

2-6 

20 

1-A Cylindrical Boll 

2-2 

2-5 

2-4 

1-7 

2-2 

2-1 

2T 

2'6 

2-6 

Selection 2 

Not 

ascerta: 

ined 

2-0 

2-4 

2-3 

2-1 

2-0 

2-4 

C-1 . . . . 


Do. 


1-7 

2-0 

2-0 

2-0 

2'5 

2-4 
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(as for example, “ 1-A Long Boll”). The type prodiieing the longest staple 
1027-A.L.F.”) is, liowever, the longest throiighont, and lik(“\vise that 
produeing the shortest (“ C-1 ”) is the shortest througiioiit. Thus insjhte of 
s(?asonal variation, the relative dift'erence is maintained, and the ehara,cter is 
definitely of hereditary nature. 

ij) Hereditary nature of the seed weight. 

Workers witli other species and varieties of (;otton have already deter- 
mined that with their types the seed weight is a definitely hereditary character. 
Balls’, for example, has found this with Egyptian cotton, and Harland has 
stated that there is a strong correlation between the parent and the mean of 
the progeny in respect of the characters of tlic lint length, lint wtnght, and 
seed weight. In the author’s own previous work he has adduccil evidence 
that the seed weight is licroditary in the aof/Jiari variety of Go^'^s'ifjiinnt 
herhaceum, but the matter is worthy of further discussion on the basis of 
observations made on hrofu^h iksM cotton at Surat. 

In a pure strain the Aveight of the seed may vary from a number of 
causes : — 

(1) Partially malformed plants give light seed. 

(2) Seeds from badly opened bolls are light, wliatever may be the causes 
of the bad opening of the boils. Such bad opening is most frecjuently duo to 
insect attack. 

(3) Seeds from four-celled bolls are usually lighter than those from three- 
celled bolls. 

(4) The previous treatment of the land as regards manure or rotation 
seems to have some effect. Thus cotton following green manuring of the 
land with sann-hemp {Croi alarm juveea) combined witli fallow, gives heavier 
seeded cotton than when, as is usual in Surat, the cotton crop follows yWa? 
{AMlropogon Sorghum), The following figures illustrate the last of these 
points : — 



j AVERAGJi: WEIGHT OP SEEDS 


1916-17 

1917-18 


mg. 

mg. 

Cotton after sann-hemp and fallow 

65-1 

i ilO-l 

Cotton after jeamr .. 

49-8 

1 57-3 


» Balls. Cotton plant in Sgyptf 1912, p, 167. 
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There is also some evidenee that eotton followincr groundnut gives lighter 
seed iJian when it follows jmvar, but the results are not yet certain. 

(o) The different pickings of the cotton give Jcapas with varying seed- 
weight. In this matter th e following represents the results of three seasons. 

Average weight per seed is 1919-20 


B-1 

C-1 

1-A Long Boll 
1-A Cvlindrical Bol 
Selection 2 . . 
1027-A. L. F. 


B-1 

0-1 

1-A Long Boll 
1-A Cy]indric<al Boll 
Selection 2 . . 
1027-A. L. F. 


Fii-st picldng 

Second picking 

Third picking 

rag. 

mg. 

mg. 

o5-7 

51-0 


52-2 

50-0 

49 -li 

Gl-9 

60-0 


60-0 

55 -4 


61-2 

59-7 

50-5 

GC-0 

1 

G2-2 

60-G 

1 1 

Average weight per seed in 1920-21 

54-1 

50-4 

43T 

56-2 

551 

45*8 

G9*G 

67-2 

60-9 

59-0 

57-3 

5G-5 

643 

64-6 

G3-8 

G2-2 

Gl-2 

59-6 


Fioni these figures, it is clear that there is a progressive decline in the 
seed weight through the season. This rule has practically no exception though 
the amount of such decline is very different in different types and in the diflerent 
years. This point was made particularly clear in the results of 1921-22 where 
the seeds in the bolls produced from flowers in the last weeks of flowaTing 
(10th and lltli wrecks) w''ere compared with the average of the season. The 
fall from the average of the seeds in question wais as follows 


Decrease in seed weight prom flowers 

IN THE 


B-1 

C-1 

1-A Long Boll 
1-A Cylindrical Boll 
Selection 2 
1027-A. L. P. 
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Despite ail tliese causes of variation, there is no doubt, as the following 
ta1)le indicates, that the heavy seeded strains (like “ 1027-A. L. F/’) a ml 
the light seeded strains (like “ B-1 ” and “ C-l”) maintain tlieir respeclive 
characters, and that the character is definitely hereditary in these strains of 
broach deshi cotton. 

Besides this, it will be seen that different seasons have a varying effect on 
the seed weight on different types. Each average weight given is from two 
tliousand seeds. 


Strain 

AVERACm WBUUVr ter seed 

191S-J9 

1919-20 

1920-21 

1921-22 


tug. 

mg. 

mg. 

mg. 

E-1 

Ho-l 

ol-O 

52-9 

55-4. 





51':J 

C-l .. - 

f)0-4 

50-4 

55-4 

55 ‘4 ■ 




,52-4 

51 -n 




52-2 

48-5 

:1-A Long Boll . . . . 

Cl *2 

59 4 

OIT) 

05-1 




C4'2 

()4-r) 




00*6 

03-2 

1-A Cylindrical Boll . . . : 


59-7 

56-8 

(i4-C 



58-5 

56-5 

C4-2 




55'7 

C2-2 

Selection 2 .. .. 

eo-9 

' fiO-3 

62-5 

C3-9 





04'U 

1027-A. I.. F. . . 

C3-2 

G3-2 

64-2 

74-5 




07'0 

(J9-2 





(57-2 


(AO Hereditary nature oi? the weight of lint tee seed 
(lint index). 

It will be shown later (Chapter III) that there ls a reliable positive correla- 
tion between the mean weight of lint per seed and the mean weight of the seed 
itself in the strains of broach deshi cotton with wdiich w'e arc dealing, and 
that hence a larger seed has a greater potential lint bearing capacity. But 
for the moment, let us consider the actual weight of lint per seed in the lint 
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index as a factor independent of the weight of the seed itself. A detailed 
analysis of the character indicates that it depends on three factors:— (1) 
The number of lint hairs, (2) the length of the individual hairs, and (3) the 
thickness of the hairs. Of these, the first is the most important. If the 
number of lint hairs, that is to say, if the surface of the seed and the frequency 
of the hairs, is the same, the lint index depends on the length and thickness of 
the fibres. In selecting plants by lint index, therefore, care has to be taken that 
the raising of this index does not merely mean increasing the coarseness of the 
fibres. 


J.he variation in the lint index in different parts of the season with pure 
strains of hfoacli deshi cotton are shown by the following data for the different 
pickings in 1919-20 and 1920-21. 


Struin 


List Index.* 


1st i>icking 

2nd picking 

3rd picking 

4th picking 


grm. 

1919-20 

grin. 

grin. 

grm. 

B-l 

2-6 

2-6 



C!-l 

1 -A Long Boll 

2*2 

2 '5 

2 6 


3-6 

4-1 

3-2 



1-A Cylindrical Boll 

2-9 



Selection 2 . . . . 

3’0 

3-5 

3-4 


1027.A. L. F. . . 

2-7 

3*1 

3-0 


B~1 

2-9 

1920-21 

2-8 

2-2 


0-1 

31 

3*1 

2-6 


1~A Long Boll 

4-3 

4-2 

4-0 

3*4 

1-A Cylindrical Boll 

3-9 

3-7 

3-7 

3-0 

Selection 2 . . 

3-8 

4-0 

3-9 

1027 A. L, F. . . 

3-4 

3-6 

3-5 



The variation not only in the index itself, but also in the relationship 
between the lint index at different parts of the season is very great. In 
1919-20, the second picking gives in almost all cases a higher figure than the 
first and the third is nearly as high as the second. In 1920-21, on the other 
hand, tiie first and the second pickings differ little and the later ones are 
distinctly lower. A lower index at the end of the season seems a regular 
thing, for in 1921-22, the seeds in the bolls produced from flowers in the last 
week of flowering (10th and 11th weeks) gave consistently a considerable 

* Weight of lint per 100 seeds (according to the xisual standard). 
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decrease in the lint index on the average for the season. The actual figures 
were as follows : — 

Strain 

Beoeease in lint index from flowers 

IN THE 


10th week 

11th week 


grm. 

grm. 

E-1 

C-1 .. 

1-A Long Boll . . . . . . 

1-A Cylindrical Boll 

Solectrion 2 

1(127.A. L. F. 

0-lS 

0*27 

0*21 

0*19 

0-30 

0-33 

O'iio 

Though the variability in the lint index is greater 
been realized, yet it seems clear that the strains with, a 

than has genera.lly 
higli amount of lint 


per seed maintain their relative po.sitions in different years, and tliat lienee 
this character is liereditaiy. Tire following table shows how this relative 
position has been kept up in four successive seasons of strains with markedly 
different chara,cters. 


Strain 

Lint index 

191S-19 

1919-20 

1020-21 

1921-22 


grm. 

grm. 

grm. 

grm. 

B-1 

2-0 

2-7 

2-9 

2-8 




2-7 

2-9 

C~1 

2-S 

2-4 

2-7 

2*9 




3-0 

2-7 

l-A Long Boll 

4-0 

3-S 

3-9 

4-4 




4*2 

4-3 

1-A Cylindrical Boll 


3-7 

3-0 

4‘2 

4-0 




3-7 

3-5 

Selection 2 . . 

4-0 

3-3 

3-8 

3’9 

4-2 




3-9 

4‘(J 

1027.A.L. P. 

S’o 

3-0 

3-0 

3-7 




3-7 

3-9 


Though the general relative position remains constant the variation in 
the strains is by no means equal Thus in “ 1029-A,L.F,” and in “ Selection 
2 ” the variations are very high indeed, and the reduction in the lint index 
in the year with late rainfall (1919-20) was much greater than with other 
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III. THE CORRELATION OF CERTAIN CHARACTERS IN 
BROAOH DESHI COTTON. 

We have discussed in some detail the variability of some of tlie more 
important characters in pure strains of broach cleshi cotton. It remains to 
see whether the development of some of these or other characters is correlated 
with that of others. The matter is of considerable importance in the breeding 
of useful cottons, as by this means it can be ascertained whether or not anv 
particular combination of qualities is likely to be obtainable. Further, an 
easily observable character may possibly be used to judge the development 
of another which can less easily be determined, if they are- found to be closely 
correlated. 

(a) OoERELATTON BETWEEN LENGTH OE PETIOLES AND GREATEST 
BREADTH OP THE LEAP. 

It is a matter ot some importance, especially in a region of heavier rains 
than are usual in cotton growing areas, that the leaf blade should not be too 
large and wide. In American cottons, its importance is recognized, for 
Bennett^ has stated that “ the largest leaves should not be wider than five 
or six inches across, at right angles to the midrib, because if otherwise, it 
prevents the drying of the lower bolls, and where the plant is large, it causes 
the loss of bolls by rotting.” 

The actual measurements on which the present correlation study is based 
were made on measurements of the third, fourth, fifth and sixth leaves from 
the base of the main stem, and involved measurements of 1,129 leaves of 
broach desJii types and 397 leaves of goglmri types. The frequency variation 
of these characters is given in the accompanying statements. (A])pendices 
I and TI). The results in actual co-efficients were as follows : — 


Leaf number 

Co-efficient of correlation 

Probable error 

(1) Third from base 

Broach desJd type 
-h 0-71 

± 0-02 

( 2) Fourth „ 

-f 0-73 

± 0-017 

(3) Fifth 

+ 0-7o 

-h 0-017 

(4) Sixth „ „ 

-4- 0-S3 

± 0-01-1 

(1) Third from base .. 

Goghari type 
-1- 0-69 

± 5-020 

(2) Fourth „ „ 

4- 0-73 

± 0-023 

(3) Fifth „ „ 

+ 0*69 

± 0-032 


EcMinctt, U. S. Dp'pt., Agri. Farmer,^' Bull, No. 314) p. 15 (1903). 
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These figures show that there is a strong positive correlation between 
the two measurements quoted. 

(6) Correlation between the weight op the cotton seed and 

THE SIZE OP THE BOLL. 

It has been established already that there is a relation between the size 
of a cotton boll and the weight of the Ttapas per boll, and also that the diameter 
of the boll very largely determines its size if the number of cells remains the 
same. ISfow the weight of ha-pcbs per boll may depend (1) on the number of 
seeds, (2) ou the weight of each individual seed, and (3) on the weight of lint 
per see :1. It will be shown later that there is a positive correlation between 
the weight of seed and weight of lint attached to it. Therefore if it is proved 
that the number of seeds per boll is not less when the bolls are smaller (that is, 
when the boll diameter is less and the width of each cell is less), a positive 
correlation between size of the boll and weight of the cotton seed is 
established. 

Such a correlation has been established by Hudson^ in Aiperican cotton. 
The following figures show from three strains of broach deshi cotton and from 
the three successive years, the number of seeds per hundred bolls, and, the 
weight of kapas in the same bolls. 


>Strain 

1919-20 

j 1920-21 

1921 

-22 

Seeds in 
100 bolls 

Weight of 
kapaa in 
100 bolls 

Seeds in 
100 bolls 

Weight of 
kapas in 
100 bolls 

Seeds in 
100 bolls 

Weight of 
kapas in 
100 bolls 



grm. 


grm. 


grm. 

0-1 

1937 

165-2 ! 

1972 

169-6 

2048 

191-8 

Selection 2 

1877 

198-9 

1775 

204-7 

1964 

231-6 

1-A Cylindrical Boll 

194i> 

203'.3 

1956 

203-3 

2026 

224-6 


These figures show several points. In the first place, the strain in which 
the seeds are smaller (“ C-1 ”) does not contain less seeds than either of the 
other two. The number of seeds varies greatly in “ Selection 2 because 

Arkansas Agri. Expt. 8tn, Bull, No. 168 (1920). 
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here in some seasons as in 1920-21 the fertilization (that is the relation of 
ovules to seeds) is very low. 

In ‘ ‘ 0-1,” in spite of the full number of seeds, the weight of the hipts 
is the lowest, and if it is proved that this strain has the smallest bolls, it will 
prove that a small seed is associated with a small size of boll. The actual 
figures of measurements of bolls in the three strains taken for observation were 
as follows - 


It would appear, therefore, judging by the strains studied that in broach 
dcshi cotton increase in size of the bolls does usually indicate an increase in 
the size of the seeds, and not an increase in their number. 


(c) Correlation between the weight of the cotton seed and 

THE WEIGHT OF THE LINT ON THE SEED. 

It is well known that this correlation does not exist universally among 
types of cotton, and there are numerous species and varieties of cotton where 
the seeds are large and the amount of lint small, and vice versd. But within 
a strain this may happen and if so will be a very important point in judging 
the variations in the produce in different periods of a season or of several 
seasons. Balls, working with Egyptian cotton, Harland with >Sea Island 
cotton, and Hilson with Cambodia cotton, have all claimed a positive correla- 
tion in these characters. 

The results which the author has obtained show that a distinct positive 
correlation exists in the strains of broach desM cotton. The following correla- 
tion tables for two of the strains illustrate the relationship. 






j Gkbatbst width of cells 

Greatest diameter 



OF BOLL 


OF BOLLS 

Strain 






1919-20 

1920-21 

1921-22 

1921-22 


mm. 

mm. 

imn. 

mm. 

C-1 

20 

20 

20 

24 

Selection 2 . . 

22 

22 

22 

26 

1-A Cylindrical Boll , . 

22 

21 

21 

25 
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(i) fSlmin “ 1-A Gylindrical Boll ” {IQ^ jtlaMs exmtvimcl). 


AVeight fif seed in injj;. 

FRBQTrBErOY OV WEIGHT 01? LINT PER SEE.1> 

31 to 35 
mg. 

35 to 39 
mg. 

39 to 43 
mg. 

43 to 47 
mg. 

53 to 57 . . . , 

57 to HI .... 

0.1 i,o 05 . . . . 

05 to 00 . . . . 

Tgtal 

plants 

9 

7 

2 

plants 

13 

26 

12 

1 ; 

plants 

1 

11 

13 

plants 

1 

1 

3 

3 

18 

■ ■ . 

52 

25 

8 


{hi) Strain “ 10’2A-A.L.B.” 80 plants examined. 


AV eight of seed in mg. 

FeEQHENOY of weight of lint PEll S.EJil) 

30 to 34 ' 34 to 38 
mg. 1 mg. 

38 to 42 
mg. 

42 to 46 
mg. 

4() to 50 
ittg- 

58 to 62 . . 

62 to 66 . , 

66 to 70 . . 

70 to 74 . . 

74 to 78 . . 

78 to 82 . . 

82 1(.) SO . . ] ; ; ; ; 

Total 

plants 

1 

1 

1 

plants 

1 

1 

7 

1 

2 

plants 

*3 

10 

18 

16 

plants 

i2 

plants 

6 

1 

3 

i2 

47 

17 

1 

From these hgtires the followiii}; rektionshijw will be .seen to e.'iist. 

Mean seed woiglit 

Mean lint weight per seed . . ] [ 

Correlation co -efficient . , | ' 

l.’robable error of correlation co-efQcicnt . ! 

1-A Oylindi'ical Boll 

1027- A. L. F. 

mg. 

69-5 

37-9 
+ 0-46 

± 0-05 

mg. 

747 

40-0 
+ 0-56 

± 0-05 


Tlie coiTclafcioti is aignilicaiit biifc not very close, and seems mucli I<jss 
than tliat claimed by tlie workers named above. But in the present variety 
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of (iottou, even between the produce of different bolls on the same plant, the 
correlation seems very variable and does not always appear to be very high. 
The figures for six of the strains studied are as follows. Tlie variation 
frequency is given in Appendix III. 


Mean seed 
weight 


Mean lint 
weight 
per seed 


Correlation 
CO -efficient 


Probable 

error 


B-l 


56-9 

30-4 

-h 0-40 

4 O'OS 

C-l . . 


o2-0 

27-9 ^ 

-h 0-59 

4 0-06 

1-A Cylindrical Boll 


65*5 

40*5 

4- i)-47 

4 O’OS 

Selection 2 . . . . 


62‘(j 

44-6 

+ o-so 

4 0*04 

1027.A. L. P. 


(>2-7 

3S-9 

+ 0-5S 

4 O'OS 

1 -A Long Boll 


02-S 

42-9 

+ 0-S2 

4 0'04 


(d) Correlation between the weight of the cotton seed 

AND THE LENGTH OF THE STAPLE IN HEAVY SEEDED 
STRAINS. 

The length of the staple has been taken as that of the lint hairs on the 
middle of the seed, and for greater security the relatiousliip suggested was 
determined from the produce of single plants. The frequency of variation is 
given in Appendix IV. 

The following figures may be interesting in this connection as showing 
the co-efficient of variability of tlie seed weight and the lint weight and lint 
length from boll to boll on a single plmd. 


Strain 

Seed weight 

Lint weight 

Lint length 

B-l 

7*2 

9-0 

5-0 

C-l 

11*7 

14-0 

4-4 

1027-A. L. F. 

9-9 

12-5 

4-3 

1-A Cylindrical Boll . . . . 

10-1 

10-1 

3*3 

1-A Long Boll 

12-9 

17-0 

8-2 

Selection 2 . . 

10-8 

11-2 

8*2 
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On tlie whole, therefore, the lint length was considerably loss variable 
than that of the seed weight and lint weight per seed. 

The results were as follows : — 


Strain 

Mean lengtli 
of staple 

Correlation 
co-efficient i 

Prol)altlc error 
of coiTobition 

1 co-efficient 


cm. 



1027.A.L.F. 

2-9 

-f- 0-70 

±0-052 

1-A Cylindrical Boll 

2-fi : i 

. + 0-40 

± 0-082 

Selection 2 . . 

2-4 

+ 0-C)l 

i ± 0-073 

1-A Long Boll . . 

2*5 

-1- 0-68 

± 0-071 

B-1 

2-3 

+ 0-25 

± 0-089 

C-1 

2-4 

-P 0-29 

1 ± 0-089 


In the light seeded strains (“ 13-1 ’’ and “ 0-1 ”) the correlation is 
small and i.s certainly not significant. In the others it is more marked, but 
except perhaps in strain “ 1027-A.L,F.” it is certainly not close. 

IV. DESCRIPTION OF CERTAIN PURE LINE STRAINS 
OF BROACH DESHI COTTON. 

The characters which differcmtiate the broach deshi variety of Gornypium 
herbaceim from the gogliari variety of the same s})ecies have been described 
in the author’s previous Memoir. But in the types which have- tlie charac- 
teristics of broach deshi) there are many strains which differ from one another 
by characters which are of direct or indirect economic importance, and which 
breed true. These strains are, however, not merely mixed. They have 
crossed with one another to an enormous extent and few, if any, of a pure 
character now exist in cultivation. Any attempt to make a permanent 
improvement in the character of the cotton grown, or even to fix a type which 
shall approach as near as may be to the i<.leal for the South Gujarat cotton 
area must be commenced evidently by the isolation of such pure strains, 
breeding true, which can be used as the basis for establishing types, or of 
making crosses with other varieties of cotton. 











Fig. 2. Broach Deshi strain "C-l.” 
it green in colour and deeply sected as to hav( 
at the base of the lobe) 


'c a cons- 













broach DESHl STRAINS. 
IT) AND “C 1 (LEFT). 
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««■/« cotton. au,l al,,o ti, n^^timtionof ll ! 

llie strains described bave been in pare line 011^° '"f 

blue line cnltnre since 1918-19 or 1919-20. 

Strain “ B-i,” 

soJection originally' malrin'^^ 

I»1I. In the ca.se of the parent 0 1^ “f 

slightly pointed at the top. The progenrort/*^™ 

=n IfllMS, and it was obvious thatTT f ® ""8“"' ?!-«* ''aried nineh 

From 1918-19, the plants secured from self f tr 

and from 1919-20 the strain has bee, • Were uniform 

It has bred ahsohitely true since then witt“r‘'- 

(I) The plants of this strain are o h t'™* - 

of monopodia varying from none to te'r Th^^^r/"'"’^'’’' 
nwnopodia in all the years from 1919-20 to 19n 99 T y 
of this strain are characterized by a specialiv d”,^ 

smaller and broader than in othL stLns ' Th ^ ''™« 

distinguished when the filants have grow-n for ‘'^‘"'““‘0^ of the leaf can 

in Hate a Kg. j. “”Iy two months and is 

(2) The mo, St frequent node from which tlie firrf ■ 
arises was the 19th (counting from the base) 1 1 19-^7^^“® 

1J20-2J, and tJie 18th, or 19tli in 1921-22. 

(3) The strain under consideration Jo +7 

all the types examined, and it is for this oha > T among 

m our collections. The habit can be bast'sT “'™fnined 

total yield given which was harvested in the &T ' K of the 

per cent. i„ 19I8-I9, when another strain (“ c T 7' ‘0 

gave toper cent. Similarly in 1919.90 fin n ^ \ grown beside it 
jothelir,stpichiiig. while tL ad^g 7: " ^ f 
in comparison witli the same stra „ hf 1920 1 'i'/ ” f ™ cent. 
(Hate III). This characteristic is due to the L , T " 
number of fruiting branches from accessory buds 
on the monopodia. It is, consequeutlv not „ , V ® 

very large proportion of its floir 
strain. 
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(4) Tile average meaBurements of tlie bolls, in centimeters, were as 
follows in tliree separate years : — 



1919-20 

1920-21 

1921-22 


i cm. 

cm. 

cm. 

Greatest diameter . . . . . . i 



2-4 

Length from gland to tip . . . . 

2-9 

2-9 

2-9 

(;ir(.'atost width of one. cell . . 

2-0 

2-0 

2-0 

VViilth (jf cell 7 mm. from tip . . 


1-1 

1-1 


(5) Tlie average weight of caeli seed (average of 2,000 seeds in each case) 
is as follows : — 


11)18-19 . . . . . . . . . . 5.5-1 

1919- 20 .. .. .. .. .. 54-0 

1920- 21 .. .. .. .. .. 52-1 



The seed is, hence, lighter than in most of the other strains studied. In 
1921-22, the variability of the seed weight from boll to boll on a single plant 
w'iis studied, and it was found to be less than in any other strain, the co-eflicieiit 
of variability being 7‘2. 

(6) The average weiglit of lint per 100 seeds (lint index) in four successive 
years is a.s follows : — 


1918- 19 .. .. .. .. ..2-9 

1919- 20 . . . . . . . . . . 2-7 

1920- 21 .. .. ' 2-8 

1921- 22 .. .. .. .. ..2-9 

111 1921-22, the variability of the lint index from boll to boll on a single 
plant was studied, and it was found to be less than in any other strain, the 
co-cllicicnt of variability being 9'G. 

Where the seed weight is varying, the lint index forms a better means of 
comparison between the proportion of lint to seed in different strains and in 
different seasons tlian the ginning percentage. This last figure was as follows, 
however, in the four years quoted, 1918-19, 34*8 ; 1919-20, 33*1 ; 1920-21 
35*5 ; 1921-22, 34*9. 

(7) The length of staple is practically the same as that of the average of 
broach ilcshi cotton in cultivation. In 1921-22, the actual measurements 


MACANLAI. t, PA'CBt 




at the tip, middle and base were made on 180 seeds, with the following 
results. 

Average length of 
staple 
cm. 

Lint on tip of seed . . , . . . 1*9 

Lmt on middle of seed . . . . 2*4 

Lint on base of seed . . .... 2'3 

The variation from the mean (a) at the tip was 15*7 per cent, below, {b) 
at the middle was 10'5 per cent, above, and (e) at the base 5'3 per cent, above. 
The co-efficient of variability from boll to boll on a single plant in 1921-22 
was 5’0. 

The lint oh the middle of the seed varied as follows in 1921-22 ns deter- 
mined from 180 measurements on diifercjiit seeds. 


Number of uieiisurements made . . 

ISO 

Per cent. 

Staple of 1'7 to 1‘9 cm. 

3 

1-9 to 2-1 „ 

, 7 

„ 2’1 to 2‘3 „ . . 

.. 14 

„ 2'3 to 2'5 „ . . 

32 

2‘tJ to 2*7 . , 

37 

„ 2-7 to 2-9 „ 

7 


The variation is illustrated in Fig. 3 below. 



Tig. 3. Variation in staple in strain “ B-1 ” in 1921-22. 
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The lint from this strain was examined by the Millowners’ Association, 
Bombay, 1921-22, with the following results:— 

“ Value of lint per candy of 784 lb. is rupees eighty more t\\mi fully good 
broach. The lint is strict superfine, with good colour and nice fibre, but not so 
long.” 

Strain “ C-1.” 

In the same year as the strain previously described, that now under 
consideration was selected at Surat. In 1918-19 it was found to be quite 
pure and since then it has bred absolutely true to type. Since 1919 it has 
been maintained as a pure line. The strain has the following characters. 

(1) The plants of this strain are the least bushy of all the selected types of 
hromh cleslii cotton that have been isolated. The number of monopodia 
varies from one to nine, but the most frequent number in 1919-20 was 5, 
in 1920-21 was 6 to 6, and in 1921-22 wars 5, 

The leaves of the plants of this strain are light green in colour and are 
longer and more deeply lobed than those of other types. There is also a 
marked constriction at the base of each lobe. These characteristics are shown 
in Plate II. Pig. 2. 

The first primary fruiting branch arises from a lower node than in any 
other strain. The most frequent node at which this occurs has been the 
i7th in 1919-20, the 13th in 1920-21 and the 17th or 18th in 1921-22. 

The special feature of this strain is that the internodes on the main stem 
(from the thirtieth upward) are long and hence the plants have an open habit 
of growth. This is shown in the following table, where other strains are 
compared with it as grown in 1921-22. 

Length of the 
main stem from 
30th to 35th node. 



inches 

1--A Cylindrical Boll . . 

7*3 

1-A Long Boll 

7-2 

B-1 

7’0 

C-1 

8-4 

Selection 2 

7-t) 


The axillary vegetative branches behave similarly. 

As a result the plants are less attacked by boll worm in the early stages. 
A greater percentage of success in flower buds is attained, therefore, in the 
early part of the season (see page 201). The percentage of success of boils 
from flowers is high. 
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(3) The bolls of this strain are long, narrow, and tapering. The average 
measurements of the bolls, in centimeters, were as follows in throe separate 
years : — 



1919-20 

1920-21 

1921-22 


cm. 

cm. 

cm. 

Greatest diameter .. .. 



2*3 

Length from gland to tip . . . . 

31 

2-9 

3*0 

Greatest ^«dth of one cell 

20 

2-0 

2*0 

Width of cell 7 mm. from tip .. 


1*0 

1*0 


This strain produces a large number of four-celled bolls. 

(4) The average weight per seed is as follows : — 


1918- 19 

1919- 20 

1920- 21 

1921- 22 


50-4 

50- 5 
53-3 

51- 4 


The seed is hence lighter than in any other of our strains, even lighter 
than in “ B-1.” In 1921-22, the variability of the seed weight from boll to boll 
of a single plant was greater than in the strain previously described, the co- 
efficient of variability being 11*7. 

(5) The average weight of lint per 100 seeds (lint index) in four successive 
years is as follows : — 

grm. 


1918- 19 

1919- 20 

1920- 21 

1921-22 


2-9 

2-4 


In 1921-22, the variability of the lint index from boll to boll on a single 
plant was found to be higher than in most of the strains. The co-efficient of 
variability was 14'0. 

The ginning percentage may also be quoted for each of the four seasons. 


It is shown as follows : — 


Per cent. 


1918- 19 

1919- 20 

1920- 21 

1921- 22 


36-3 

32-5 

34*5 

35.2 
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(0) The lint gave the following average measuromeTits in different parts 
of the seeds ill 1920-21 and 1921-22. 



Lekoth of statm 


1920-21 

1921-22 


cm. 

cm. 

Lint nn tip of seed ,, «. 

1-7 

2-0 

Lint nn mirtdlf) of seed 

2-0 

2-5 

Lint on base of seed 

2-0 

2-4 


The variations from the moan, taking the two years together, (a) at the 
tip was 11-7 per cent, below, (&) at the middle was f»'9 per cent, above, and (c) 



at the base was 4'7 per cent, above. The co-efficient of variability from 
boll to boll on a single plant in 1921-22 was 4-*4-. 




Number 

of measurements made 

100 

174 

Staple of 

1*5 

to 

1*69 cm. . . 

1 



1*7 

to 

1*89 „ .. 

13 



1-9 

to 

2*09 „ .. 

29 



2-1 

to 

2*29 „ .. .. 

49 

9 

„ 

2*3 

to 

2*49 „ .. 

8 

28 


2'i> 

to 

2-n9 „ .. .. 


42 


2-7 

to 

2*89 „ .. 


IS 


2-9 

to 

3*09 „ . . 


1 


The co-efficient of variability of the lint measurements from seed to seed 
was, therefore, 7’8 in 1920-21 and 6*9 in 1921-22. 

The lint from this strain was examined by the Millowners’ Association, 
Bombay, with the following results : — 


Year 

Value oe lint pep. 
oanhy op 784 lb. 

Fine broad) 
desM. 

“0-1 


Rs. 

Rs. 

1920-21 

310 

315 

1921-22 

570 

600 


On the whole, therefore, this strain may be described as a tall growing type 
with a sparse habit, with average yielding capacity. The flower buds are less 
attacked by boll worm than in most other strains. It has been maintained in 
our collections on these accounts. 

“ 1-A Cylindrical Boll. 

Tliis strain was originally selected in 1917-18. It was an attempt to 
select for a character easily recognizable in the field. This would enable the 
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Tim lint on the middle of the seed varied as follows, as determined from 
100 measurements in 1920-21 and 174 in 1921-22. 
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roguinp; of a crop to be easily aocomplishe<L It was found to lie pure in 

1919- 20, and has been propagated since that time from protected flowers. 
Since ! 921-22 it has been grown on a large scale in the .Broach District. The 
progeny from protected flowers breed absolutely true. 

(1) The plants of this strain are the bushiest of all the selected ty]X‘S of 
hvoach (Ushi cotton that have been isolated. The number of monopodia per 
plant varies from 4 to 12, but the most frequent number in 1919-20 was 0, in 

1920- 21 was 7 to 9, and in 1921-22 was 8 to 9. This great develojiineut of 
monopodia leads to a high yield in most of the seasons in Southern Gujarat. 
The leaves of this strain are more hairy and hence are comparatively little 
attacked by sucking insects such as jassids. 

(2) Tlie first primary fruiting branch arises at a liiglier node tlian with 
other selections, and also at a greater height on the main stem. The most 
frequent node at wliicli this occurs has been the 19th in 1919-20, the lOtli in 
1920-21, and the 20th in 1921-22. 

The internodes on the lower part of the main stem (up to the, sixte('nth 
node) are longer in this strain than in any of tlie others. In most seasons the 
amount of flower-bud shedding is less than with other strains, unless there be 
rain at the time of flow^ering, when it is more affected than the type hist 
described. The stigma of the flower in this type is more exserted than in any 
other type. The number of anthers is smaller. 

(3) The bolls of this ‘strain are cylindrical, that is to say, they taper only 
slightly. The average measurements of the bolls, in centimeters, were as 
follows in three separate years. 



1919-20 

1 1920-21 

1921-22 


cm. 

cm. 

cm. 

Greatest diameter 



2-0 

Length from gland to tip 

3-2 

3-2 

3-1 

GreatestVidth of one cell 

2*2 ' 

2-1 

2-1 

Width of ceil, 7 min. from tip . 


1-0 

1-0 


This strain produces the least number of four-celled bolls among all the 
selections. 

(1) The average weight per seed is as follows ; — 

“g* ■ 

1919- 20 .. .. .. .. 59 .J 

1920- 21 .. .V .. .. 5(5-3 

1921- 22 .. .. .. .. 03.7 

The seed is, hence, heavier than in the two strains previously described. 



The co-effurieTit of vaTia])iUty of the seed weight from boll to boll of a 
single plant in 1921-22 was 10*3. The variahility of the average seed weight 
from plant to plant in 1919-20 is less than the above, the co-effieient of variabi- 
lity being n- l, 

(5) The average weight of the lint per 100 seeds (lint index) in three 
successive years is as follows : — 


1919- 20 

1920- 21 

1921- 22 


grm. 

3-6 

3-6 

3*8 


Tins character is more constant from season to season than in any other 
of the selected strains. 

Til 1921-22, the variability of the lint index from boll to boll on a single 
))lant was determined and the co-efficient of variability was found to be lO'l. 
The variability of the average lint index from plant to plant in 1919-20 is less 
than tlie above, the co-efficient of varialiility being 8*6. 

The ginning percentage may also be quoted for each of the last three 
seasons. 


1919- 20 

1920- 21 

1921- 22 


Per cent. 
36*1 
.39*4 
37-7 


When the strain is transferred from Surat to Broach, that is to say to a 
somewhat earlier and drier climate, the seed weight tends to increase more 
tlian the lint w'eight and hence the ginning percentage tends to decrease. 

(6) The lint gave the following average measurements in different parts 
of the seeds in 1919-20, 1920-21, and 1921-22. 


Length of staple 



1919-20 

1920-21 

1921-22 


cm. 

cm. 

cm. 

Lint on tip of seed 

2*2 

1-7 

2-1 

Lint on midale of seed 

2*5 

2-2 

2-0 

Lint on base of seed 

2*4 

2-1 

2-6 


The variation from the mean, taking the years together, (a) at the tip 
was 12-G per cent, below, (h) at the middle was 7*9 per cent, above, and (c) 
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at ihi base was 5'2 per oent. above. The co-efficient of variability from boll 

to boll oil a single plant in .1921-22 was 5*3. 

The lint on the middle of the seed varied as follows, as determined from 
100 measurements in each case. 



1919-20 1920-21 1921-22 

Number of measurements 

100 100 100 

(Staple of I’U to 1 79 

cm. . . 

.. ■■ . '■! 1 
. ! 

1-.S to 1*90 


■1 ■■ 19 ■ r .. 

„ 2*0 to 2*19 


4 28 ! 

„ 2*2 to 2*99 


Ill 28 0 

„ 2*4 to 2'.19 


?,9 27 2*2 

„ 2*(l to 2*79 


27 9 411 

2*8 to 2*99 


12 .. 

. „ 9*0 to !M9 


1 . . o 


The co-efficient of variability of the lint measurements from seed to seed 
was, therefore, S'8 in 1919-20, 10*0 in 1920-21 and 7*2 in 1921-22. 

percenhoLge 
of cases. 



m-ni. 16-s i 8‘5 iio*s t,zs zQ-s so-a 

IhQ. 5. Variation in staple in strain **I.A Cylimlrioal Boll '* in 1019*20, 1020*21 jwkI 
1921-2£ 
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Tlic lini-. froH] tliis strain, was examinotl hv the Stillownors'’ Association, 
JJoiiibay, with the following results : — 


Year 

■ Value oe lint per gandy of 784 lb. 

Fine broach desM 

“ 1-A Cylindrical Boll ” 


Rs. 

Us. 

1020-21 

310 

.325 

1021-22 

570 

040 


lliis strain is particularl}' valuable oh account of its high and constant 
vieh.l, its liigh gimiing percentage, and good staple. In thi.s last tjiiality 
it. stands only second to " 1027-A. L. F.’" a strain selected from the 
ISravsari area. 

“ 1-A Long Boll.” 

This strain was originally selected in 191f)-17 with the o])ject mentioned 
for the strain la,st described. 

It was found to be pure in 1919-20 and has been propoga ted pure since 
that time from protected flowers. Since 1921-22, it ha.s been grown on a large 
scale in the Surat District. The progeny from protected I flowers breeds 
absolutely true. 

(1) The plants of this strain are of a bushy character and Liave a number 
of monopodia varying from five to eleven. The most frequent number in 

1920- -21 wa,s seven and in 1921-22 was seven to eight. 

(2) The most frequent node from whicli the first primary fruiting 
branch arises was fourteenth in 1920-21 and nineteenth to twentieth in 

1921- 22. 

The internodes of the main stem are shorter than in the strain last 
described. The flowering habit is late and the miraber of flowers formed 
in the later part of tlie flowering period is large. Due to this reason the 
produce from bolls is particularly free from disease and is superior in 
“class.” The flowers of this strain open more widely than in any other 
stra,ia. 

(3) The bolls of this strain are longer and narrower at the tip than those 
of other types. The size i.s also larger than that of other strains, The 
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averngii miiasiiromenls of the bolls in centimeters were as follows in three 
separate years : — 



J 91 9-20 

1920-21 

1921-22 


cm. 

cm. 

em. 

Greatest diameter 



2-7 

Length from gland to tip 

3-8 

3-f) 

3-f) 

Greatest width of one cell . . 

2-4 

2-2 

2-2 

VVidtli of cell 7 mm. fnim tip 


0-S 

0-9 


This strain produces a. large number of four-celled bolls. The bolls of 
this strain do not 0 ])en so completely as do most of the broach (Jeshi strains 
examined. 

(4) The average weight per seed is as follows - 

mg. 

1919- 20 .. .. .. ,59-4 

1920- 21 .. .. .. .. 02-1 

1921- 22 .. .. .. .. 64*3 

The seed is, hence, heavier than in most of the strains. 

The co-efficient of variability of the seed weight from boll to boll of a 
single plant in 1921-22 was 12'9. 

(5) The average weight of lint per 100 seeds (lint index) in three 
successive years is as follows : — 

gm. 

1919- 20 .. .. .. 3-8 

1920- 21 .. .. 4-0 

1921- 22 .. .. .. ..4-3 

In 1921-22, the variability of the lint index, from boll to boll on a single 
plant, was determined, and the co-efficient of variability was found to be 
17'0, that is to say, it is higher than in any of the strains examined in 
detail. 

The ginning percentage may also be quoted for each of the last three 
seasons. 

Per cent. 

1919- 20 .. .. .. .. 39-2 

1920- 21 .. .. .. .. 39.3 

1921- 22 .. .. .. 40-1 

Thus in the present case, the ginning percentage is more constant than 
the lint index owing to the proportionate increase of seed weight and lint 
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vveiglit. It is higlier than in any of the strains of broach da^M cotton 
examined. 

(6) The lint gave the following average measurements in different ])arts 
of the seed in 1919-20, 1920-21 and 1921-22. 



Length op staple 

1919-20 

1920-21 

1921-22 


mm. 

mm. 

mm. 

Lint on tip of seed 

2-2 

2-0 

2-1 

Lengtli of middle of seed . . 

2' 5 

2-5 

2-8 

Lint on base of seed 

2*3 

2-4 

2-6 


The variation from the mean, taking tlie years together, (a) at the tij') 
was 12'2 per cent, below, (6) at the middle was 7’1 per cent, above, and (c) 
at the base 4‘0 per cent, above. The co-efficient of variability from boll 
to boll on a single plant in 1921-22 was 8‘2. From year to year it is more 
constant than in any of the strains examined. 

The lint on the middle of the seed varied as follows, as determined from 
100 measurements, in ea,cli case. 



1919-20 

1920-21 

100 

1921-22 

100 

Number of measurements 

100 

Staple of 1‘7 to 1'89 c.m. . . 



1 

„ . L9 to 2'09 „ 

2 

3 

0 

2-1 to 2-29 „ 

15 

10 

6 

2%3 to 2-49 „ . . 

29 

25 

IS 

,, 2‘5 to 2‘89 „ 

30 

34 

34 

2-7 to 2-89 ,, .. 

21 

23 

34 

2-9 to 3-09 „ 

3 

4 

7 

„ 3-1 to 3-29 „ .. 


1 




The co-elilcient of variability of the lint measurement from seed to seed 
was, therefore, 9T in 1919-20, 9-3 in 1920-21 and 8T in 1921-22. The dry 
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season of 1920-21 Iiad muoli less efitect on the staple than with most of the 



other strains. 


..peTC&hta^e' 
of eases. 


m,wi. 17-6 


.I’lO. (>. Variatiou iti staple in sfei'ain “I~ALoug Boll” in 1919“‘20, 

1020-21 and 1921-22. 

The lint from this strain was (5xa,iniiio(l hy the Millowuors’ Association; 
Bombay, witli the following results. 


OAXUV 


Fine broucli dcshi 


This strain is ])ai’ticuliiriy valuable on account of its bigh }'ichl, wJiif.'h 
is not so seriously aft’ccted as other types in dry years, its high ginning per- 
centage and its gootl staple. 

“ Selection 2.” 

This strain was originally selected in 1914-15, with the object mentioned 
for ‘‘ 1- A Cylindrical Boll.” It has proved to be pure since 1917-18, and 
has been propagated since 1919-20 from protected flowers. 

(1) The plants of this strain are of a bushy character and have a mnnber 
of monopodia varying from two to thirteen. The most frequent numlx^r in 
1920-21 and in 1921-22 was seven. 
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(2) Tlic most frequent node from wliicli tlie first primary fruiting brancli 
arises was fifteentli in ,1920-21 and iiineteentli in 1921-22. Owing to tlie 
peculiar spreading liabit of the bracts, the flower buds of this strain are less 
attacked by bolKvorm than others, ]>iit if there be rain at the time of flowering, 
the strain is much damaged. 

This strain lias one specially objectionable character. In a yeai’ like 
that of 1920-21, in which the flowering is early, this has the least normal 
fertility, that is to say, the average number of seeds formed in comparLson 
with ovules is very low'. The results are as follows : — 


iStrnia 

1920-21 

1921-22 

Ferceutage of 
seed to ov’ulcs 

Percentage of 
aeed to ovules 

Selection 2 . . 

j 

91-7 

,l-A Long -Boll 

! 89-0 

96-7 

1-A Cylindrical Boll 

1 89-1 

93*3 

1027--.A. L. F. .. 

1 88-0 

94-5 

C-1 

i 95-7 

94-S 


(3) The bolls of this strain are cylindrical, that is to say, they taper verj 
slightly. The average measurements of the bolls in centimeters were 
follow's 



1919-20 

1920-21 

1921-22 


cm. 

cm. 

cm. 

Createat diameter 



2-9 

Length of gland to ti]» . . I 

3’2 

1 

3-1 

Greatest width of one cell . . i 

2-2 


2-2 

Width 7 mm. from tip 

1 •• 

10 

1-0 


It produces a slightly higlier number of four-celled bolls than the 
‘ 1-A Cylindrical Boll.” 

(4) The average weight per seed is as follows : — 


.1917-18 

1918- 19 

1919- 20 

1920- 21 

1921- 22 

'riie, weight of seed is 
o-eilicieni, 


131-9 

00-9 

(50-9 

()2‘5 

94-2 


almost similar to that of ‘‘ 1-A Long Boll. 
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grm. 


This varies from season to season more than in any of the 
examined. The co-efficient of variability of the lint index fror 
on a single plant in 1921-22 was 11-2. 

The ginning percentage may also be quoted as follows : -- 

Ginning percentage 

1917-18 .. 07., 


x4gain in tlie strain under discussion, the 
more constant than the lint index, and this 
than in the last strain described. It is due 1 
seed weight and lint weight. 

(6) The lint gave the following average 
of the seed in 1920-2] and 1921-22. 


ginning percentage proves to be 
is even more strikingly shown 
to the proportionate increase of 


iaOTII or STAl’J 


variations from tlie mean, taking the years toj 
11-2 per cent, helow, (h) at the middle was 7 jicr 
e base was 3 per cent, above, 
co-efficient of variahilitv from boll to boll on n 
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The lint on the middle of the seed varied as follows, as determined 
from 100 ineasiirements in each case. 



1920-21 

1921-22 

Staple of 1-7 to 1-8 cm . 


1 

1-9 to 2-0 „ .. ... 

2 

3 

2-1 to 2-2 „ 

16 

14 

2-3 to 2-4 „ 

. 38 j 

31 

2-5 to 2-6 „ .. , . 

3.0 

32 

2-7 to 2-8 „ 

9 

14 

„ 2-9 to 3-0 „ . . , . 


f) 

„ 3‘1 to 3-2 „ . , 




The co-efficient of variability of the lint raeasureinents from seed to 
seed was, therefore, 7’5 in 1920-21 and 9‘9 in 1921-22. 

Perce Mfctge 
of Cctses. 



fn-hi.ty*s 13-s avs ziS’S ^5*6 as-s ^ 3 t'S 

Fig. 7. Variation in staple in strain “Selection 2’’ in 1920-21 and 1921-22. 

The lint from this strain was examined by the Millowners’ Association, 
Bombay, witli the following results : — 



Vai.uk ok KINT riiR 

(’AM A" OF 784 lb. 





Fine broach dc..slii \ 

Selection 2 


Rs. 

Us. 

1920-21 

.'510 

31.0 
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Tbc strain is maintained amongst our collection on account of tic 
ipmiding charactet' of the bracts. 


'Plus strain was originally selected in 1017-18''' from the best type of 
cotton (‘iiltivated in Southern Gujarat. The ahaj)e of the boll cilso (mables it 
to be easily i(hmtified in the field. It was found pure in lOlO-liO and has been 
pr<»pagat('d since that time from protected flowers, iSinca^ 102I-~22 it lias been 
grown on a, larg<' sc'ahi in tlie south of the Surat .District, 

(1) Th(> plants of this strain are of a busliy character and hav(i a mnnber 
of niono])odia varying fromoto ll. The most freqmmt number in 1020-2! 
and 1021-22 was 7 to 8. 

(2) TIk'. most frequeiit luxle from ndiich the first primary fruiting branch 
arises was fourteen in 1020-21 and nineteen in 1021-22. 

The leaves of this strain are particularly dark greeu and leatlnuy just 
wlicj) the cold weather sets in. This character can be definitely recogiiixed 
for a, month. After this time, ii 
dark green cohnir, 

Th(‘. colour of the polh' 

The vigour 
growth in nod(‘s 
of abnormalitic! 

the vegetative growth is great. ' 
in those years. 

(3) The bolls of this strain 
Boll,” that is to say, they arc Ion 


m is of (hieper junk tliau in any other strain, 
of the hranclies, vegetative as well as fruiting, exprcjssed hy 
is lower than in tin; other strains descrihed, A large number 
; of leaves and iuvolueres is foimd iii those seasons in wliicdi 
This results in higher shedding of flower buds 


(trciitcKl diamolw 


Width’ ol cell 7 uipi, from tip 


The opening of bolls is also similar to that of “ 1-A Long .Boll.” 

^Thc aame had been previuualy .applied to a uii.xed typo maiutaiued from a, bout t^ 
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(1) The. jtA'orajie ^Yeight. per seed is as follows : 


1910-2(1 

1 920- 21 

1921- 22 


lag- 

ti3-2 

()3-9 

(M-3 


'r!,u> seed is Iveaviei: iluiii in any of the other strains examined. I'he 
co-efficient of variability of the s('ed weight from boll to boll of a single plant 
in T.)21”2'i was 9'9, In the same year the co-efficient of variability of tlic 
average seed weight from plant to plant was only 6*7. 

Idle average weight of lint per 100 seeds (lint imlex) in tliret'- 
years was as follows 


1919- 20 

1920- 21 

1921- 22 


gmi. 

3-0 


(5) Tliis character is very varying from season to season, and is also 
in comparison with seed weight. In 1921-22, the variability of the lint index 
from boll to boll on a single plant was determined and the co-efficient of 
variability was found to be 12*5. Tlie variability of the average lint index 
from plant plant in 1921— 22 was 7 1. 

'I'he ginning percentage may also be quoted lor eacli ol the last ihrc< 
seasons : — 

Per cent. 

1919-20 .• •• •• •' 

.1920-31 •• •• •• 

1921-22 .. .. >• •• 

Thus it is Utile higher than is usually found is the mixture of 

strains commonly growui in the district. 

(6) The lint gave, the foiiovving average nieasurcments in dift'crcnt parts 
of the seed in 1920-21 and 1921-22. 


1920-21 


244 


STUDIES IN GUJARAT COTTONS, II 



The variation for the mean, taldng the years together, (a) at the tip was 
12-9 per cent, below, (b) at the middle 8*3 per cent, above, and (c) at the 
base 2-5 per cent, above. The co-efficient of variability from boll to boll 
on a single plant in 1921-22 was 4-5. 

The lint on the middle of the seed varied as follows : — 



1920-21 

1921-22 

Number of measurements . . 

100 

1,324 

Staple of 1-9 to 2-0 cm. 

» 2-1 to 2-2 „ 

per cent. 

4 

8 

per cent. 

1 

2-.^ to 2-4 „ 

32 

4 

2-S to 2-6 „ 

30 

17 

,, 2-7 to 2-8 „ 

2r> 

35 

,, 2*9 to „ 

i 

28 

„ 3-1 to 3 2 „ 


13 

„ 3-3 to 3-4 ,, 





I 

1 



The co-efficient of variability of the lint measnr 
seed was therefore 8‘7 in 1920-21 and 8*2 in 192 J -22. 


PeYcertfagc 
crF cases. 


is&o-zi 
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Tlio lint from this strain was examined bv tlie iVrillowners’ Assoriaiion, 
Bombay, with the following results. 


1 VAUtrE OP LINT PEE GANDY OP 7S4 1 1). 
Fine broach deshi 1 10:J7-A. I,..F, 



This strain is particularly valuable on account of its long silky staple 
with creamy white colour. 


Comparison op strains op broach deshi cotton. 


From tlie description of tlie six strains, which, out of a very large number 
of selections made, have been maintained, it will be seen that each has some 
special quality, cultural or otherwise, v/hich gives it value. We may now 
summarize the commercial qualities of these types, in respect to the yield 
per acre, the ginning percentage of the kapas, the length of staple of the lint, 
and the market value of the lint. The results are based on figures obtained 
from the average of the produce of three years’ cultivation in comparable 
plots. 


Strain 

Yield 
of kapas 
per 
acre 

Afield 
of lint 
per 
acre 

Ginning 

percentage 

Value per 
candy 

Value 
of lint per 
acre 

Average 
length of 
staple. 
Middle 
of seed 


lb. 

lb. 


Rs.* ** 

Bs. 

cm. 

B-1 

* 


.34-5 

467 


2-4(a) 

C-1 

* 


34-1 

458 


2-25$ 

1-A Long Br)ll 

640 

248 

.38-2 

490 

155-0 


1-A Cylindrical Boll .. 

718$ 

278$ 

38'7 

482 

170-9$ 

2-43 

Selection 2 . . 

485 

185 

38-2 


2-45+ 

1027 A. L. F. 

Average of local 

586 

206 

35-2 

488 

128-2 

2-7$ 

broach deshi 

502 

171 

34T {Siirat-440) 

(NaTsari — 458) 

95-9 

2-2 


* Figures comparable with the others are not in hand for these strains, as they were 
grown in dift'erent areas. “ C-1 ” in 1920-21 and 1921-22 ga ve 442 lb. kapas per acre in 
land on which “ 1-A Long Boll ” gave 478 lb. per acre. Similarly in 1919-20 when “ C-1 ” 
gave ,594 Ih., “ B-1 ” only 4G9 lb. 

1 1919-20 and 1920-21 only, as 1921-22 was a bad year. The true average is below this 
figure. 

t 1920-21 and 1921-22 only. 

(a) 1921-22 only. 

** Average o£ 1920-21 and 1921-22. Surat local cotton is taken at Rs. 440 per candy. 
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In tlie iocnl hwach deahi cotton at Surat (wliicli is of courf^t* n niiNlurc) 
the proportion of the seeds (iiverage of three years) wliicdi had siajde. of 
dilferoLit lengths is as follows : — 

om. Per cout. 


1-4 to 1'59 

1- 6 to 1-79 
I'S to 1*99 

2- 0 to 2-19 
2-2 to 2*39 
2-4 to 2*59 
2-G to 2-79 
2-S to 2-99 


The, variations in tlie staple of the local cotton are shown for eacli year 
in the attaclied diagram. 

StHUiiing tests of certain of these strains (“ 1 -A Long Boll/’ ‘‘1027“ 
A. L. h\”) and of the local snmt cotton, grown at Surat under identical coiidi- 


Perc^ento^e 

of cases. 



14*^ 16*5 18-5 ao-s aa.s 24 -.$ 

Ecg. 9. Variation in staple of local broach cotton as grown at Surat in 
1919-20, 1920-21 and 1921-22. 

tions, have been made for the author by the New Great Eastern Spiimijig 
and ’Weaving Co. j Ltd., Bombay, and very sincere acknowledgments of the 
help given by this company are due. The lint tested was of 192L22, and tlie 
tests were made along with the ordinary yarn drawn in the mills, 
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iiiadiinos, ns notod hy tlie couipnny, sliould linvo been specially set to tbe 
sinph^ of Ihe cotton sninj>le,s, Init; as tbere were no spare niaeliines, this eonld 
not be. doJU!. t>wing to the iiisnfiicieiiey of inter and roving inaehines, the 
arrangements given for attenuation in slubbing was high, and thus higher 
counts could not be worked. The tests were made during the rainy season 
so that the loss is stated to be exceptionally heavy. The actual results were 
as under 


Tyi^e of cotton. 

Total loss up to 
yam 

Count of yarn | 
spun, ! 

Te.st in pounds 

Local Surat cnltori 

27 

20-2 

00 

l -ALonsi’ Boll .. 

22 

20-1 

(10 

.1027-A. L, P. 

2S 

20-1 

7! 


As a result of these tests the opinion was expressed that the Surat local 
cotton supplied was fit up to 20’s (weft). It was, however, irregular in sta})h*, 
‘‘ 1-A Long Boll*’ was fit up to 26’s (weft). It was somewhat longer in 
staple than the mmt. local cotton and more uniform. “ 1027-A. L. F.” was 
fit for 24’s (warp) and 32’s (weft). The relative prices per pound of .yarn 
were 14 annas {.mrat local), 16'4 annas (“ 1-A Long Boll”), and 18 annas 
(‘M027-A. L. F.”). 

The above tests were made on cotton grown under the autlior’s own 
supervision on the Surat farm. Strain ‘‘1027-A. L. F.” has, li owe ver, been 
grown on a large scale in the district, and the produce so grown was tested at 
the instance of the purchasers, Messrs. Narandas Rajarain k Co., with the 
following results. 

Per cent. 

•Blow room loss .. .. .. .. 5-5 

Card room loss ,. .. .. .. I'S 

“ In 41’s this cotton showed a test of 28 lb. with 28 turns per inch, and 
in 30’s we obtained 53 lb. with 23 turns per inch. From the foregoing it is 
obvious that the cotton is exceptionally good for 30’s, but it is not good 
enough for spinning up to finer counts. We usually require a test of about 
42 lb. in 40’s.” 

Generally, it may be stated that the type to which the above description 
applies (“ 1027-A. L. F.”) is the best in staple of all our selections, while 
“ 1-A Long Boll ” stands next in this respect. Both of tliese are now being 
grown in a large scale, and the farmer is rapidly displacing the local mixture of 
broach deRlii strains which has hitherto been grown in the Surat Biatrict, 
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V. THE IDEAL TYPE OF liERBACElJM EOTTDE TY 
rA)WE;R QlJJARA^r. 

In t1ie anilior’s formor Memoir he attempk'il to s<‘t out lln' chiuju iers 
which lie considered as of j)rima.ry importance in a tyj)e of cotton for the 
special conditions of Lower Gujarat. Apart from the necessity of ns liicli 
a ginning {Hircentage and as long a staple as the conditions allow, tlui following 
characters of the cotton plants wore stated as of great importance in ordtn to 
secure a high yield in the Lower Gujarat climate. 

(1) The plants must be able to resist heavy rain wlien very young, tliat 
is to say, when they have less than six leaves. 

(2) The plants must possess a large mimhor of monopodia, i.c., the vege- 
tative bramdies formed in the lower part of the main stem. 

(3) There slionld l-e the maximum development of veg<>tativ(‘ brandn's 
on the |)lant. 

(I) Flowering should not commence till 15th November and should be 
completed before the end of January. 

(5) The bolls should be large and should open completely. 

The importance of these points has been confirmed by the work done 
since the Memoir referred to was issued, but further points must now be 
emphasized and additional evidence with regard to tliose mentioned has now 
been collected. 


(1) A STRAIN WITH LONG INTERNODES OJSr THE STEM IS TO BE 
PREFERRED. 



The very great importance of the powder to resist heavy rain and watei' 
logging wdien young has been already insisted upon. A very great factor 
in such resistance seems to he the rapidity with which the plants grow in 
height so that they may not be actually covered with water or soil when very 
young. In ordinary fields where the soil level varies slightly, the stem and 
leaves up to a height of nearly six inches are liable to get so covered in years 
of continuous falls of rain. At such a time, a plant with long internodes has a 
distinct advantage and hence a strain of this type is to be preferred. 


(2) A STRAIN WITH HAIRY LEAVES IS TO BE PREFERRED. 

In many parts of the wwld it has been considered that hairiness of the 
leaves is an advantage. This is probably because they are less attacked by 
sucking insects such as jassids, and it is certain that such plfints are healthier 
and more vigorous than others in South Gujarat. The strain “1-A Cylindrical 
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Boll/’ IS the hairiest of all the types studied, aud this has the most constant 
yield of all of them. 


(3) A STRAIN WITH HIGH DEVELOPMENT OP VEGETATIVE BRANCHES 
IS TO BE PREFERRED. 

This is a point which has, so far as Southern Grujarat is concerned, been 
previously insisted upon, but further evidence on the matter has now been 
collected. Among the hroach desJd strains studied, the type which yields 
highest (“ 1-A Cylindrical Boll ”) is also that which has the greatest number 
of monopodia (limbs), while that on which the crop is lowest (“ C-1 ”) has 
the smallest number of limbs. Again the type “ B-1 ” in which the ratio of 
flower buds to vegetative growth is highest, owing to the habit of giving out 
fruiting branches from accessory buds instead of vegetative branches, gives 
almost the lowest yield of all (see table on page 245). 

Again if the whole vegetative growth of different types is measured 
(in nodes), it will be found that the strains in which this is greatest will tend to 
give the highest yields. Under the conditions of Lower Gujarat, this usually 
means (unlike what is the case in other regions, notably at Dharwar) that the 
number of flower buds is greater as the following figm’es for two of our strains 


l-A OyLTiTDRiCAii Boll 


Vegetative growth 
in nodes 


Vegetative growth 
in nodes 


Flower buds 


This is very important because owing to the necessity of concentrating 
the flowering into a short period (see below) it is very advantageous to have 
a very large number of fruiting branches late in the season, each with few 
nodes, rather than fewer but larger fruiting branches. This is secured by 
increasing the vegetative growth, as the number of fruiting branches is 
largely proportional to the amount of such vegetative^growth measured in 
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(4) A STRAIN IN WHICH THE PLANT HAS A TALL OPEN HABIT OF 
GROWTH AND IN WHICH THE BRACTS HAVE A SPREADING 
HABIT IS TO BE PREFERRED. 

One of tlie very striking features of tke flowering of cotton in the broacli 
iesM area is its very great intensity during the time when it is going on, and 
the very short period out of the intense flowering portion of the season during 
which any large proportion of the flowers successfully produce bolls. This 
is very remarkable when compared with other countries. In Egyptian cotton, 
according to Balls, the actual flowering period has been shown to be from 
I5th June to 24th September, or for three and a quarter months. The full 
flowering period is of nine weeks. The rate of new flowers per plant rarely 
exceeds one per day. In Sea Island cotton, flowering starts in the ninth 
week of the plants’ growth and lasts for eighteen to twenty-two weeks more. 
It comes in full flowering from the fifteenth or sixteenth week and dexdines 
from the twenty-second week. That is to say, the full flowering period is for 
seven weeks. In working with Pima cotton in the Salt River Valley in America 
King' has observed flowers appearing on plants which had commenced 
flowering 150 days previously. However, he says, the normal period of 
flowering is from 90 to 110 days, out of which nearly 53 per cent, of tlie flowers 
appear within the first 45 days and the number of new flowers rarely exceeds 
1 ’5 per day. 

The results of Ewing in Mississippi and Lloyd in Alabama for Upland 
varieties may also be compared. They have found that the length of the 
flowering period is from forty to eighty days. Prom tlie results of IJoyd it 
appears that in Upland cotton the flowering is concentrated, almost like that 
in the broach deshi, that is to say, two-thirds of the flowers ap})ear within 
one month. But the most important difference between the Upland varieties 
in America and the types of herhaceum here is that in the former it starts after 
six to seven weeks’ growth of the plant and during this intense flowering period 
the proportion of flowers producing ripe bolls is nearly 50 per cent., while 
here it starts from the twelfth to the sixteenth week and the success is only 33 
per cent. The long fruiting period of American cotton has been recognized 
by Bennett {L c.) to be an important factor in enabling poor farming to produce 
cotton. 

The flowering of broach desM cotton at Surat is as follows. In 1918 the 
flowering period started from the fourteenth week, and tlie flowering abruptly 
declined from the seventeenth week. In 1919-20 and 3921-22 it started 
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from the sovonteenth and sixteenth week respectively, the plants were in full 
flower from the- twimty-fourth week for nearly a month and then the flowering 
abruptly doeliued. In 1 920-2 1 , flowering commenced from the fifteenth week, 
tlie plants were in full flower from the twentieth week for a month, and then 
the flowering rapidly declined. 

The intensity of flowering can be seen by the following figure with three 
pure strains. 


Strain 

Percentage of pnowER-s; OPESIWG 

1919-20 

2nd to 30th Jan.* 

1920-21 

6th Dec. to 2nd Jan.t 

1921-22 

3rd <o 30tli ,1a n * 


Per cent. 

Per cent. 

i Per cent. 

n-i 

70-d 

79-.3 

1 64' 6 

l-A Long Boll 

(13-Q 

1 72-5 

1 05‘8 

1027-A. L. F. 

(>7-4 

83-5 

64'7 


* 'riiia was the twenty -fourth to the twenty-seventh week of growth and the eighth to the 
eleventh weelc of flowering. 

t This was the twentieth to the twenty-third week of growth, and the sixth to the ninth 
week of flowering. 


The intense flowering season lasts, therefore, for nearly a month during 
which two-thirds or inore of the flowers appear. Not only this but out of this 
intense flowering portion of the season the time during which flowers formed 
produced a large proportion of bolls is still more limited even to nearly a 
fortnight. 

The following table shows the proportion of flowers which produced 
ripe bolls during the various parts of the flowering season. 



Proportion oe elowers 

PRODUCING 

RIPE BOLLS 

Weeks of flowering 

B-l 

l-A Long Boll 

1027-A. L. F. 


1920-21 

1921-22 

1920-21 

1921-22 

1920-21 

1921-22 

i.st three weeks 

4th week 

5th „ ■■ 

6th „ • • 

7th „ 

8th „ 

9th „ 

10th „ 

11th „ 

Per cent. 
40 

79 

65 

49-5* 

14* 

3-5* 

nil. 

nil. 

Per cent. 
21-5 
38-5 

55 

61-5 

58 

58* 

54* 

20* 

2-6* 

Per cent. 

63-5 

75 

72* 

67* 

38*5* 

16* 

Per cent. 
15 

16-5 

32 

56-5 

64*5 

63* 

58* 

28-5* 

4* 

Per cent. 

72-5 

79 

69* 

36* 

lvS-5* 

S’5* 

*5* 

Per cent. 
57 

50 

45 

65-5 

70 

58'5* 

45* 

14* 

1-5* 


* Represent intense flowering weeks, 



STUDIES IN GUJARAT OOTTONS, n 

It would seem that the intense concentration of flowering into a sliort 
[)eriod, a,nd the still greater concentration of successful boll formation from 
flowers into a still shorter period, is one of the principal causes of the relatively 
low yield in this area. If anything is likely to occur whieli will damage the 
flower buds or flowers during this short period (and many such things do 
occur), a very large percentage of flowers will fall off, and flowers will never 
develop into bolls. Perhaps the most important of such things is the attack 
of the bollworm {Marias sp.) which is responsible for an enprmous amount of 
loss at each stage. Two features are found to increase resistance to bollworm, 
namely, (1) a tall open habit of growth in the plant, and (2) a spreading habit 
of the bracts. The former is found in the strain “ C-1 ” among the selected 
strains, and the latter in “Selection 2,” both of which suffer less from 
bollworm attaok, and ripen a bigger proportion of flowers to flower buds 
than the other strains. This is probably because a wasp {Microhracon 
Iffroyii), the presence of which has been now found to be common, can more 
easily attack the worms as they are more exposed in such strains. 


(o) A STRAIN IN WHICH THE NUMBER OF OVULES WHICH DO NOT 
FORM SEEDS IS LOW IS TO BE PREFERRED. 

Ill no type of cotton do all the ovules form seeds, but the proportion 
which fails to do so varies very much in different countries, and with different 
varieties. In hmpa cotton, KotturV estimates the loss at five per cent. 
In the West Indies, Harland2 finds the loss to be 21*3 per cent, and 32-7 per 
cent, in three-celled and four-celled bolls respectively, while in American 
cotton It IS variously estimated at from 10 per cent, to 25 per cent. 

In broach deshi strains tested at Surat, this loss has varied from 3-4 to 
24-8 per cent, according to the seasons and strains. The strains differ widely 
in this matter “ Selection 2 ”, for example, seems to be particularly disposed 
^ 00/00 !^ of wastage, and it shows the highest loss in both 1920-21 and in 

1920-21 than in 

192^22. Besides this wastage in yield the resulting cotton from such a 
steam as Seleotion 2 is uadesirable, as it will give a Mgher percentage of blow 

room loss m the form of fly. ^ 


A.ifrMjNVl2L 1 , 



TABdi-SS CQBJ^£L-ArmN 0MTli¥£BAt LSM&TN Or' 

P£.TteL£L Ui~SAF BRBA£iTfi fNBROACP COTTOAf 

pA€i£ 2t9 or tbxt 


C&rR£LAT/ON OAf T»& BAStS OR TRS: TWRO 2^£AR RROM 


BASE or Tpr MA/Af STEM 
RQ OR I EAVES MEASt/Hr& f ZSH 
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APPENDIX l~~coneld. 


aN rM£ SASfs r^£ fi'frrM rmM 

Tf^e BASS MA//V STEM : 

AfQ OT LEAVES AfEASB/rSA 89& ■ ^ '■iS 


BREApTB OF LE AT /B C.m. 



k 

CQBBELATiON ON TBS SAS/S OF THE S/XTNEEAT FM&N 


THE BASE OF THE AEA/N STEM 
NH OF LEAVES MEASBBEP, Z3 f 


SBEAOTH OF LEAF /N 




/ ^ ^ APPENDIX 11. 

C€/?J^J£AA7’/0N BBTWSMN ASA/0TM Ofi 
PETf&i^B 2EL.EAF BMS:ADTH /M ErOGBABi COTTBM 
^££ PAGE 2i9 CP TEXT 

COPPP4.ATWM ON THE BASfS OP TWE Pp/PB EPAP PPOAf 

TME BASE OP TPE MA/N STEM 
NS OP ESAVES MPA^i/RMD, /#/ 

BPPAl^TP OR EEAP /N 0-»H. 



iHHBEEBBBBHEIHIM 


COPPEEAT/ON M THE 8AE/S OP THE POl/PTH E&AP PPOPt 
THE BASE OP THE MAIN STEM 
NS OP LE-A VES MEASUPEO , /SO 

BREADTH OP l-EAP fN G.m. 




L A.AA 

~ ~ a ^ z ^ Z 

y — - — — 

/ “ Z z 6 i 4- 

/ ,£.A£-A_L-L 

// 3 s S a 3 


-^oTOji, t I Hv^s n fW0Mi^ 


I" 
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APPEHDIX m--<mdl 


C0MM£:£.A -r/O/St /A/ S T^RA/A/ S 7 ^ ^ 

MO Of- BOLLS /^LAMr^^ ’ 

^ wf/a/^r ors££D /Af 



19 

m 

B! 

HI 

m 

m 

m 

m 

B 

M 

4ii 


4^ 


■ 

H 

■ 

■ 

B 

u 

B 


B 



44 


9 

H 

■ 

■ 

B 

■ 

B 




3 ~ 

S3 



m 

D 

B 

B 

n 

B 





jy 




II 

m 

B 

B 

B 




B 

^7 




II 

B 

B 

n 

B 




S 

ss 




■ 

B 

B 

B 

n 




s 

6/ 




■ 


B 

fl 

B 




3 

€S 




■ 


B 

B 

B 




_£ 

«4 

H 



■ 


B 

D 

n 




3 

er 

■ 



■ 


n 

D 

B 



/ 

y_ 

es 

B 



■ 


fl 

B 

B 




L 

ys 



u 


VA 

u 

U 

■ 

B 



3 

y^ 



□ 


□ 

□ 

□ 

U 

B 



_/ 

y? 


B 

B 

B 

B 

B 

B 

B 

fl 



/ 

83 

B 

B 

B 

B 

B 

B 

B 

B 

fl 



y 

Total 

B 

B 

B 

11 

B 

B 

B 

9 

9 


/ 




£./AfT LS^GTH /N * -- /.//Vr i-ENGTH tN C^He. 
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APPENDIX lY--€onoW. 


CO^RELAr/ON /R STRA/N BOLiJ^ 

A/3 OR &OtL-$ ON PLANT Z€ 

SEISi> WEtCfHT /N 



CORRELAT/ON /N STRA/N '^S£L£CT/a/S/ s*’ 
/VE OR BOLLS ON PLANT 

SEE£> WE/&HT /N 9^S/n. 



N^ OP BO EL. S ON PLANT ^ 4 . 


SEED WEJGtHT /N 




